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write for catalog PS-409 


for every 
application 


While the catalogue line of UTC 
components covers a wide variety 
of applications, many people are not 
familiar with the full range of prod- 
ucts produced by UTC. It is impossible 
to describe the thousands of special 
UTC designs as they become avail- 
able. The illustrations below are in- 
tended to indicate some of the range 
in size of these special products. 
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Tops for TV and other 
difficult applications! 


SPRAGUE 
KOOLONM 


T. M, Reg. U.S, Pgx- em. ZA 


RESISTORS 


Available in 5, 10, 25, 
50 and 120 watt 
ratings. 


WIRE-WOUND RESISTORS WITH LOW $.Q.! 


S.Q.?? That means "Service Quotient.” With dependable, tropicalized 


Koolohm resistors, it’s practically nil! a 
That’s why major television manufacturers specify Sprague Kool- Ri 

ohms and avoid unnecessary and expensive service calls due to ar E / 

resistor failures. OUND WITH | 
Koolohms far outperform and outlast ordinary wire-wound re- W \C 

sistors, yet are smaller in size than ordinary units of the same wattage A 


rating. Koolohms are wound with larger diameter wire for the same 
rating yet are available in far higher resistance values (for example, 
70,000 vs 25,000 ohms at a full 10 watts). Koolohms are available 
in truly non-inductive windings when needed. Koolohms have ex- \ wi RE 
ceptional resistance stability. \ 

Koolohms have all these advantages because they are the only 
resistors wound with ceramic-insulated wire (an exclusive Sprague 
development) and are enclosed in glazed moisture-resistant ceramic 
outer shells. Mounted on a metal chassis, Koolohms will withstand 
a 10,000 volt breakdown test from winding to ground. 


Koolohm resistors are ideal for television sets and other tough 


~ 


DOUBLY 


AE à à PROTECTE 
applications—and are equally good for all ordinary electronic and , ETB 
industrial control uses. NS | by glazed 

Best of all, premium-quality Koolohm resistors are competitively SS | CERAMIC SHELLS and 


priced. 


Sprague Catalog 100E tells The Complete Koolohm Story. Write 7 MOISTURE-PROOF END SEALS / 
for your copy today. — a 
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| E» 2 mil Allegheny Deltamax 
A new Magnetic Core 


Material with a rectangular 


hysteresis loop... 
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Commercially available 


in standard sizes of 
toroidally-wound cores, 
heat treated and cased 
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ready for your use, 


Where can YOU use a Magnetic Material 
with these specialized, dependable characteristics? 


The properties of Deltamax are invaluable for complete consistency in each standard size of core. 


many electronic applications, such as new and 
improved types of mechanical rectifiers, magnetic 
amplifiers, saturable reactors, peaking trans- 
formers, etc. This new magnetic material is avail 
able now as “packaged” units (cased cores ready 
for winding and final assembly) distributed by the 
Arnold organization. Every step in manufacture 
has been fully developed; designers can rely on 


THE ARNOLD ENGINEERING 


Deltamax is the most recent extension of the 
family of special, high-quality electrical materials 
produced by Allegheny Ludlum, steel-makers to 
the electrical industry. It is an orientated 50% 
nickel-iron alloy, characterized by a rectangular 
hysteresis loop with sharply defined knees, com- 
bining high saturation with low coercivity 

€ Gall on us for technical data. 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS i 
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MEASURE TOTAL DISTORTION 
Between 20 cps and 20 ke 
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Figure 1 


This fast, versatile -b p- 330B Analyzer 
measures distortion at any frequency 
from 20 cps to 20 kc. Measurements 
are made by eliminating the funda- 
mental and comparing the ratio of the 
original wave with the total of re- 
maining harmonic components. This 
comparison is made with a built-in 
vacuum tube voltmeter. 

The unique -bp- resistance- tuned 
circuit used in this instrument is 
adapted from the famous -bp- 200 
series oscillators. It provides almost 
infinite attenuation at one chosen fre- 
quency. All other frequencies are 
passed at the normal 20 db gain of 
the amplifier. Figure 1 shows how at- 
tenuation of approximately 80 db is 
achieved at any pre-selected point be- 
tween 20 cps and 20 kc. Rejection is 
so sharp that second and higher har- 
monics are attenuated less than 10%. 


Full -Fledged Voltmeter 
As a high-impedance, wide-range, 
high-sensitivity vacuum tube voltme- 
ter, this -bp- 330B gives precision 
response flat at any frequency from 
10 cps to 100 kc. Nine full-scale 
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ranges are provided: .03, .1, .3, 1.0, 
3.0, 10, 30, 100 and 300. Calibration 
from +2 to — 12 db is provided, and 
ranges are related in 10 db steps. 


The amplifier of the instrument can 
be used in cascade with the vacuum 
tube voltmeter to increase its sensitiv- 
ity 100 times for noise and hum 
measurements. 

Accuracy throughout is approxi- 
mately +3% and is unaffected by 
changing of tubes or line voltage var- 
iations. Output of the voltmeter has 
terminals for connection to an oscil- 
loscope, to permit visual presentation 
of wave under measurement. 


(bp) laboratory 


Noise and Distortion Analyzers 
Audio Frequency Oscillators 
Amplifiers Power Supplies 


Square Wave Generators 
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CHECK THESE SEVEN 
IMPORTANT FUNCTIONS: 


1. Measures total audio 
distortion. 


2. Checks distortion of 
modulated r-f carrier. 


3. Determines voltage level, 
power output. 


4. Measures amplifier gain and 
response. 


5. Directly measures audio noise 
and hum. 


6. Determines unknown audio 
frequencies. 


7. Serves as high-gain, wide- 
band stabilized amplifier. 


Wave Analyzers 
Audio Signal Generators 
UHF Signal Generators 
Frequency Standards 


330B DISTORTION 


ANALYZER 


Measures Direct From R-F Carrier 


The -bp- 330B incorporates a linear 
r-f detector to rectify the transmitted 
carrier, and input circuits are contin- 
uously variable from 500 kc to 60 mc 
in 6 bands. 

Ease of operation, universal appli- 
cability, great stability and light 
weight of this unique -/p- 330B Ana- 
lyzer make it ideal for almost any 
audio measurement in laboratory, 
broadcast or production line work. 
Full details are immediately avail- 
able. Write or wire for them— today 
Hewlett-Packard Company, 1437D 
Page Mill Road, Palo Alto, Calif. 


instruments 


AND ACCURACY 


Frequency Meters 
Vacuum Tube Voltmeters 
Attenuators 
Electronic Tachometers 
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Another successtul star, 


h OO MONTS 


ERIE’S FIRST 
TV STATION 


b Says EDWARD LAMB, publisher of "The Erie Dis- 
patch" and owner of TV Station WICU: 

"In bringing the only telecasting service !o Erie, 
Penna., we insist on five prerequisites: (1) Best picto- 
rial quality obtainable; (2) Adequate signal strength 
throughout area served; (3) Equipment operable by 
previously-inexperienced local personnel; (4) Depend- 
able service, regardless; and (5) Equipment that, with 
minimum obsolescence, can be expanded in step with 


© ALLEN B DU MONT LABORATORIES, ING 


DU MONT LABORATORIES, INC. 
WABD, 515 MADISON AVE, NEW YORK 22, N. v. + 
WTIG, WASHINGTON, D. C. 
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ielecasting economics. 

"Du Mont equipment fulfills that bill. And so Station 
WICU was, is and will continue to be Du Mont- 
equipped." 


è Regardless what your telecasting start may be— 
leading metropolitan TV station or network studios. or 
again the small-town independent TV station—you can 
always count on Du Mont “know-how” for economically- 
safe-and-sound guidance. 


* TELEVISION EQUIPMENT DIVISION, 42 HARDING AVE., CLIFTON, N. J. * DU MONT NETWORK AND 
DU MONT'S JOHN WANAMAKER TELEVISION STUDIOS, NEW YORK 3, N. Y. 
* STATION WDTV, PITTSBURGH, PA. * HOME OFFICES AND PLANTS, PASSAIC AND EAST PATERSON, N. J. 
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COMPONENTS- 


BPD’s (Disks) da BPF's (Flats) 


ter SPACE SAVING ond ECONOMY 


Ms-Q@ Disk and Hi-Q Flat Ceramic Capacitors fre- 
quently save space simply because their physical shape 
is more adaptable than tubular units... and even more 
frequently because one of them serves in place of two, 
three or more individual capacitors. The multiple units 
also simplify soldering and wiring operations and thus 
effect substantial production economies. 


These are just a few of the many types of Hi-Q 
Components which are setting the highest possible 
standards for Precision, Quality, Uniformity and Mini- 
atürization. Our engineers are always available to 
work with you in developing capacitors or combina- 
tions of capacitors to best mect your specific needs. 
Please feel free to call on us at any time. 


@ Hi-Q BPD's (Diskes) are available in capacities of from .001 
mf. to .01 mf. Dual unite range from 2x.001 mf. to 2x.005 
mf. Triple units are supplied in standard rating of 3x.0015 
mf. and 3x.002 mf. All are guaranteed minimum values. 


6 H:-Q BPF's (Flats) can be produced in an unlimited range 
of capacities. The number of capacities on a plate is limited 
only by the "K" of the material and the physical size of the 

unit. They do not necessarily have to have a 
common ground as is the case 
with the diek type. 


Hi-Q 
2000-200-200- 


FRANKLINVILLE, N. Y. 


Plonts: Fronklinville, N. Y.— Jessup, Po.— Myrtle Beoch, S. C. 
Soles Offices: New York, Philadelphia, Detroit, Chicago, Los Angeles 
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Mallory Spiral Inductuner* 
Gives Better Performance 
at Lower Costs! 


There are hundreds of thousands of Mallory Inductuners in 


Outstanding Advantages 
of the new 
Mallory Spiral Inductuner: 


use today—all giving trouble-free service. And now the new 
l. 4 single control for easy selec- B 8 V 


tion and fine tuning anm tele- 
vision or FM channel. 


Mallory Spiral Inductuner is the biggest news in television for 


better performance and lower cost. 


2. Excellent. stability eliminates 
frequency drift. 

3. Supplied in three or four-sec- 
tion designs. 

t. Far more quiet operation: free 
from microphonics. 


You can eliminate many costly methods on your assembly 


line with the new Mallory Spiral Inductuner. It permits faster 
alignment and far simpler front end design and assembly 
than any other svstem. 


5. Greater selectivity on high fre- 
quency channels. 

6. Eliminates “bunching” of high 
band channels. Covers entire 
range in only six turns. 

7. Simplifies front end design and 
production, 

8. Reduces assembly costs. 


The Mallory Spiral Inductuner provides for infinitely accurate 
selection from 54 to 216 megacycles ... gives FM tuning at 
no extra cost! 


Check the advantages of the Mallory Spiral Inductuner. Im- 


prove the performance of your sets, and step ahead of com- 


* Reg. trade mark of P. R. Mallory & Co., Ine. petition at the same time at a cost that will surprise vou. 
Jor inductance tuning devices covered by ee ; f Dar] ; 
Maltory-W are patents. Get in touch with Mallory now for complete information. 


Precision Electronic Parts—Switches, Controls, Resistors 


SERVING INDUSTRY WITH 


P.R. MALLORY & CO. Inc. Capacitors Rectifiers 
Contacts Switches 
Controls Vibrators 


Power Supplies 


Resistance Welding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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TV Monitor Console 
e€06090060000600000090 


Desk Panel Cabinet Rack 
€0e6090090000000600009€9 


How Karp Makes : 

Custom-Built Metal Cabinets 

and Boxes at Prices that Compete in. cite 
with those of Stock Items cocos 


$^ 


The advantages and true economies of Karp custom-built cabinets, boxes, or 

housings over stock items are these: 

€ Your own exclusive design distinguishes and "styles" your product . . . gives 
it more market value. 

9 Flexibility of construction details speeds and simplifies your final assembly 
—saving you time and money. 

) Our vast stock of dies can save you special die costs. €00900909000009€ 
Our 70,000 square feet of modern plant, with hundreds of craftsmen, means 
ample capacity for many types of work—simple or elaborate—at one time. 

9 Plant is fully equipped with every mechanical facility that aids economical 
production. 

€ Finishing is done in dustproof paint shop, with latest water-washed spray 
booths and gas-fired ovens mechanically and electronically controlled. 
We make no stock items or products of our own. Our plant, time and effort 
are 100% for our customers’ work. 

€ Our engineering staff can help solve any possible design and production Marine Radio Housing 
problems. d 

€ irs results that count—and we give you the results you want. 


^0e0000000090009€ 


Write for illustrated data book describing our facilities and showing the wide 
range of sheet metal fabrication we do. 


CABINETS * BOXES * CHASSIS * HOUSINGS * ENCLOSURES 


KARP METAL PRODUCTS CO., INC. 


223 63rd STREET, BROOKLYN 20, NEW YORK 


Cabinet 
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Pin point accuracy is 


And IRC provides it. Witness leading 


manufacturers who specify IRC resistors 


for advanced electronic circuits. In 
instrumentation and industrial 
applications, IRC resistors excel in 


every important characteristic. 


IN CRITICAL INSTRUMENTATION, IRC Pre- 
cision Wire Wounds offer a fine balance of 
accuracy and dependability. Tolerances af 
1% are standard, but 42%, 4% and 1/1095 
are available. IRC Precisions also afford maxi- 
mum temperature coefficient of 002% per ° C. 
at no extra cost. And in addition, their design 
and construction assure stabilify —even where 
recurring surges are encountered. Labels ore 
acetate, May we send you complete technical 
data? Just check the coupon, 


m 
SEALED PRECISION Voltmeter Multipliers find 
many critical applications such as are encountered 


in marine service because of absolute dependa- 
bility under the most severe humidity conditions. 
Type MF's are compact, rugged, stable, fully 

l= m eo — — — — — ——À eee c o eee eee moisture proof and easy to install. They consist of -— 

individual wire wound precision resistors, mounted, 
interconnected and encased in glazed ceramic 
tubes—and these may be either inductive or 
non-inductive, for use on AC as well as DC. Send 
coupon for technical data bulletin. 


MATCHED PAIR Resistors afford a low-cost solution to 
many clóse tolerance requirements. They are widely 
used as dependable meter multipliers. Two insulated 
ACCURACY AND ECONOMY in close tolerance IRC resistors are matched in series or parallel to as 
close as 1% initial accuracy. Both JAN-R-11 approved 
Advanced BT resistors and low-range BW insulated 
wire wounds are available in Matched Pairs. Use tne 
coupon to send for Bulletin B-3. 


applications make IRC Deposited Carbon 
PRECISTORS ideal for television and similar cir- 
cuits. They are outstanding in their ability to 
provide dependable performance in circuits where 
the characteristics of carbon composition resistors 
are unsuitable and wire-wound precisions too 
expensive. Manufactured in two sizes, 200 ohms 
I to 20 megohms in 1%, 2% and 5% tolerance. 
Coupon brings full details. 


For fast, local service on standard IRC resistors, 
simply phone your IRC Distributor. IRC's W 
Industrial Service Plan keeps him well supplied 
with the most popular types and ranges— 
enables him to give you prompt, round-the- 
corner delivery. We'll be glad to send you his 
name and address. 


INTERNATIONAL RESISTANCE CO. 
405 N. BROAD ST., PHILADELPHIA 8, PA. 


Please send me complete information on the items checked below: 


Wangwe the acuit, Says NN 


r 
l 
l Precision Wire Wounds [_] Deposited Carbon Precistors 
Poder Railiten s Valles Mdtipliefa || [] Wire Wound Controls [ ] Voltmeter Multipliers 
*Insuloted Composition Resstors * Low || C] Matched Pair Resistors Name of Local IRC Distributor 
Wottage Wire Wounds * Controls | 
* Rheostats * Voltoge Dividers * | 
Precisions * Deposited Carbon || 
Precistors ° HF and High Voltage i 
Resistors * Insuloted Chokes l 


INTERNATIONAL 
RESISTANCE COMPANY 
401 N. Broad Streof, Philadelphia 8, Pa. 4 


In Canada: Internationat Resistonce Co., Lid., Toronto, Licensoe 


COMPANY 


ADDRESS...... 


oo» WHEN C. T. C's CUSTOM 
ENGINEERING SERVICE 
HANDLES YOUR PROBLEMS 


A snap-on cavered multi-contact terminal board assembly constructed of 
approved materials to meet a client's special requirements 


When one of our customers ap- 
proached us with a terminal board 
problem a short time ago, the re- 
quirements were such that no 
Standard board could be found to 
do the job. 

And that's where C. T.C.'s Cus- 
tom Engineering Service went to 
work. The result: the board you 
see above. 

This is just one of many ex- 
amples in whieh C.T.C. Custom 
Engineering has produced results 
for electronie and radio manufac- 
turers. We are equipped to pro- 
duce assembled terminal boards of 
almost any description using any 
approved material . . . terminal 
lugs designed and produced to 
your special requirements in any 
needed quantity . . . coils and 
chokes of whatever capacities and 
characteristics you may need. 


Combination lug. 
Screw on top... 
solder terminal be- 
low. Designed asa 
rugged — swoged 
terminal for top & 
bottom wiring op» 
plications, 
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C.T.C. is prepared to meet any special re- 
quirements you may have for terminal lugs. 


Our engineers will gladly design lugs to fill 
your needs and produce them in quantity. 


Hi Q oscillator 
coil — made to 
close — foleronces 
mounts directly on 
bond switch, 


C. T. C. has 
helped many 
manvfacturers 
in designing special coils and chokes to meet 
individual conditions. Can we be of service to 
you? We'll see your problem through from 
design board to production. 


Custom or Hlandard 
The Guaran leed 


Components 
Swoger Short Split Turret 
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Double-End Torminal Coil 
logs Boord 


| CAMBRIDGE THERMIONIC CORP. l 
Í 456 Concord Ave., Cambridge 38, Mass. l 
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INSTRUMEN.T 
SOCIETY HOLDS 
4th CONFERENCE 
AND SHOW! 


IKE Members from Region V 
Are Invited to St. Louis 
September 12-16, 1949 


to attend this five day conference on all 
phases of instrumentation. Members will 
be registered free as IRE is a co-spon- 
soring society. Invitations will be mailed 
in advance to Region V members. 

The beautiful Kiel Auditorium will be 
used for all sessions and the Exhibitions 
including the National Telemetering Forum 
Sept. 12 and 13, on telemetering activities 
relating to airborne and ground equipment, 
design, production and testing, and general 
theory; particularly as applicable to rocket 
instrumentation and similar work, 

AIEE will conduct an Electronic Instru- 
mentation Session, Sept. 15, and one on 
Electrical Instruments and Measurements 
Sept. 16. 

ASME will hold sessions Sept. 13 and 14 
on Industrial Instruments and Regulators, 
one paper of which is “The Attenuation of 
Oscillatory Pressures.in Instrument Lines 
by Arthur S. Iberoll, Bureau of Standards. 

The American Institute of Physics has 
Scheduled papers on Scientific Instruments 
for Sept. 12 and 13, including several of 
importance on nucleonic instrumentation 

The Instrument Society sessions are ex- 
tensive and cover the fields of Instrument 
Maintenance, Inspection and Gaging, Trans- 
portation Instruments and Instruments for 
Testing. s 

For a detailed program, write to 
William C. Copp, IRE Adv. Dept, 303 
West 42nd St., New York 18, N.Y. 


1949 IRE West Coast 


Convention and 


Pacific Electronic 
Exposition 
Aug. 30 to Sept. 2, 1949 
Civic Auditorium 


San Francisco, Calif. | 


IRE Regional Meetings 
Accelerate Electronic 
Progress 


August, 1949 


A NEW 
2-WATT TYPE 


to meet JAN and other exacting specifications 


ooo 


Only H” long by in diameter. Range 
from 10 to 100,000 ohms in tolerances 
of +5, 10 or 20%. Fully insulated and 
highly moisture resistant. 


FIXED RESISTORS 


Stackpole fixed resistors of molded carbon composition are now avail- 
able in a complete range of '⁄2-, 1- and 2-watt sizes to match modern 
design and production requirements. Deliveries are good —quality and 
prices are right—and Stackpole engineers welcome the opportunity 
to Cooperate in matching your specifications to the letter. Samples to 
quantity users on request. 

ELECTRONIC COMPONENTS DIVISION 


STACKPOLE CARBON COMPANY * ST. MARYS, PA. 


FIXED AND VARIABLE RESISTORS e IRON CORES e SINTERED ALNICO II 
PERMANENT MAGNETS » INEXPENSIVE LINE AND SLIDE SWITCHES « CONTACTS œ BRUSHES 
FOR ALL ROTATING ELECTRICAL EQUIPMENT ond dozens of carbon and graphite specialties 


y 
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Meeting FM and TV Needs for 
WRVB, Richmond, Virginia 


@ Rising high above the Tideland, this Truscon Self- 
Supporting Steel Radio Tower helps flash the cream 
of FM and TV entertainment to a great circle of 
Virginia audiences. The business end of this slender 
steel beauty mounts both an R.C.A. 2-section pylon 
FM antenna, and an R.C.A. 6-section TV antenna. 


This outstanding installation emphasizes again the fact 
that every Truscon Steel Radio Tower is fitted exactly 
to its specific location. Truscon Radio Towers today are 
operating faithfully under world-wide extremes of 
weather . . . under almost every possible combination 
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of temperature, humidity and wind conditions . . . in 
mountains, deserts, plains and coastal areas. 


Truscon engineers are ready now to put their vast 
experience at your service—ready to design and erect 
just the tower you need for AM, FM and TV broad- 
casting . . . tall or small, guyed or self-supporting, of 
uniform or tapered cross-section. Call the Truscon _ 
office nearest you or write our home office in - 
Youngstown. There is no obligation. 


TRUSCON STEEL COMPANY 


YOUNGSTOWN 1, OHIO 
Subsidiory of Republic Steel Corporotion 


TRUSCON 


SELF -SUPPORTING € 


uos; avo TO WE € 


EL-MENCO’S PLACE Iin- PRODUCT 


Wherever fixed mica dielectric capacitors are used, 
the first choice with men of experience is always El-Menco 


Precision-made under rigid condi- 
tions, tested seven ways to meet strict 
Army-Navy standards, thoroughly im- 
pregnated and provided in water-sealed 
low-loss bakelite; these tiny capacitors 
protect and maintain your reputation for 
quality equipment. To insure perform- 
ance-excellence, place El-Menco capaci- 
tors in your product. Results will prove 
El-Menco to be a wise choice. 


THE ELECTRO MOTIVE MFG. CO., Inc. 


WILLIMANTIC CONNECTICUT 
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CM 15 MINIATURE CAPACITOR 
Actual Size &" x 12" x 3$" 

For Radio, Television and Other 
Electronic Applications 

2to 420 mmf. capacity at 500v DCw 
2to 525 mmf. capacity at 300v DCw 
Temp. Co-efficient +50 parts per 
million per degree C for most 
capacity values 

6-dot standard color coded 


Write on your firm letterheod for 
Cotolog ond Somples 


TLED............ 


CAPACITORS 


FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN, 
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada 
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A NEWS and NEW PRODUCTS 


50-Mc TV Oscilloscope 


The FTL-32A a broad-band TV os- 
cilloscope, which records wave forms hav- 
ing frequency components as high as 50 
Mc and as low as 10 cps, is presented by 
Federal Telecommunications Labs., Inc., 
500 Washington Ave., Nutley 10, N. J. 


This wide-band frequency response is 
obtained with sufficient amplification to 
provide deflection sensitivity of 0.1 peak- 
to-peak volts per inch. The horizontal 
amplifier has a bandwidth of 10 cps to 10 
Mc. 

Both repetitive and triggered sweeps 
are incorporated with time durations con- 
sistent with the 50 Mc bandwidth. Syn- 
chronization from an internal or external 
source is independent of the synchroniza- 
tion signal amplitude, provided a mini- 
mum of 0.1 volt is exceeded. 


New Traveling-Wave 
Amplifier 
À new addition to their line, Model 202 
Wide Band Chain Amplifier, a traveling- 
wave type, is announced by Spencer- 
Kennedy Labs., Inc., 186 Massachusetts 
Ave., Cambridge 39, Mass. 


The model 202 has 2 stages of six 
6AKS tubes, gain of 20 db, bandwidth of 
200 Mc. SWR is less than 1.5 db, and 
transmission characteristic is +1,5 db 
from 100 kc to 200 Mc at an impedance 
level of 200 ohms. 

The amplifier employs a traveling-wave 
circuit to achieve its wide bandwidth; thus 
it is adaptable for use with signal, pulse, 
and sweep generators, vacuum-tube volt- 
meters, and TV test equipment. 
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These manufacturers have invited PRO- 
CEEDINGS readers to write for literature 


and further technical information. Please 
mention your |.R.E. affiliation. 


Sensitive Multiple-Intensifier 
Type Cr Tube 


A new multiple-intensifier type cath- 
ode-ray tube featuring a highly sensitive 
vertical-deflection system, and known as 
the Type 5XP-, is announced by Allen B. 
Du Mont Laboratories, Inc., Instrument 
Div., 1000 Main Ave., Clifton, N. J. 


NER a 


| 
| 
| 
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Potentials as low as 24 to 36 volts 
peak-to-peak are sufficient for 1" vertical 
deflection on the screen. Even though the 
Type 5XP employs high accelerating po- 
tentials, the manufacturer claims its de- 
flection factor for plate-pair D;-D4 is but 
one-third of the deflection factor of similar 
tubes operating at low accelerating. po- 
tentials. 

A new type of deflection-plate struc- 
ture is used in which the length of one 
pair of plates is considerably increased 
while the width is decreased. Because of 
this new  deflection-plate design, the 
greater sensitivity of the tube is achieved 
with a plate-to-plate capacitance of only 
1.7 wuf. A 3” increase in the over-all length 
of the tube is also a contributing factor 
to the high deflection sensitivity. 


Improved Glass-Metal Seal 
for Waveguide Windows 


Glass waveguide windows, designed to 
permit silver soldering (without damage) 
to micro-waveguide systems operating at 
frequencies from 3,000 to 40,000 Me, 
have been announced by Electronics Div., 
Sylvania Electric Products Inc., 500 Fifth 
Ave., New York 18, N. Y. 
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Development of these resonant win- 
dows, in which glass stress is eliminated at 
relatively high temperature differentials 
required for soldering, makes available a 
wide range of window shapes and outside 
contours, for narrow- and wide-band trans 
missions. Power losses range from 0.02 
to 0.1 db. For frequencies above 3,500 Mc, 
the windows will stand pressures up to 
65 pounds per square inch absolute. 


Continuous Loop Drive 
Tape Recorder 
Mechanism 


Continual repetition of any recorded 
message, from 4 seconds to 10 minutes 
duration, is possible through the use of a 
continuous loop drive mechanism, avail 
able as optional equipment on any standard 
Twin-Trax Tape recorder, by Twin-Trax 
Div., Amplifier Corp. of America, 398.1 
Broadway, New York 13, N. Y. 


This mechanism is detachable to facili 
tate installation on previously purchased 
Twin-Trax models. 

l'wo variations of the drive are avail 
able. The model CL-3 will record and play 
back information from 4 seconds to 3 
minutes in duration. During operation, a 
sufficient length of tape is spooled on a 
Stationary hub. The inside layer of tape is 
fed through a slot in the hub, past an idler, 
past the record-playback head, and sub 
sequently engaged by the pulling capstan 
lhe beginning of the tape is then joined to 
the end to form a continuous loop which 
will continue to repeat until it is manually 
or automatically shut off. 

Model CI-10 will reproduce informa 
tion from 4 seconds to 10 minutes, and op- 
erates on the same principle, but utilizes a 
storage system with lower inherent friction 
which is accomplished with ball bearing 
rollers. 


(Continued on page 24A) 
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PREDICT Crystal Oscillator Operation with the 
LAVOIE CRYSTAL IMPEDANCE METER 


CAUPAATE 


L 
CRYSTAL 


Frequency range, 76 ke to 1100 ke with provision for plug in coils. 
Maximum resistance, 29,900 ohms (3 place setting). 


Model 50... 
Frequency range, 820 ke to 15 me. 


Maximum resistance, 2,990 ohms (3 place setting). 


POWER...115 V 60 CPS  SIZE...7'x19"x775" WEIGHT... 21 LBS., 12 OZS. 


CONTROLS AND INDICATIONS 


CRYSTAL ACTIVITY RESISTANCE ADJUSTMENT FREQUENCY ADJUSTMENT (COARSE AND FINE) 
CRYSTAL VOLTAGE MEASURING POINTS LOAD CAPACITANCE 

SERIES RESONANCE — PARALLEL RESONANCE GRID CURRENT 

CRYSTAL CURRENT (MODEL 5! ONLY) CRYSTAL-RESISTOR SELECTION SWITCH 


a 
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Measures parameters of piezoelectric crystals sufficient to pre- 
dict quality and operation properties of oscillators in which they 
will be used. 

Measurements of a crystal resistance can be made at either 
the series or anti resonant frequency of the crystal. An indica- 
tion of the equivalent resistance of a crystal is an indication of 
the quality of the crystal. The Cl meter yields a measurement 
of crystal activity in terms of ohmic resistance. This is in contrast 
to previous measurements of crystal quality in terms of arbitrary 
activity in a standard oscillator. At present, Government specifi- 
cations on crystal units specify a maximum allowable series 
resonant resistance. 

The Crystal Impedance Meter consists of a tuned oscillator 
with the crystal unit connected in the feedback path. A switch- 
ing arrangement is provided whereby a condenser may or may 
not be used- in series with the crystal. This condenser is calibrated 
and is used to simulate load capacity when the crystal resistance 
is to be measured at the anti resonant frequency of the crystal. 
The condenser is shorted when the series resonant resistance of 


N 
à 
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the crystal is measured. In addition, a switching arrangement is 
provided to substitute three banks of calibrated decade resistors 
into the feedback path replacing the crystal. A grid current 
meter is provided as an indication of oscillator activity with 
either crystal or resistance in the feedback path of the oscillator. 


In addition to the crystal switching circuit, the calibrated 
decade switches, frequency controls, the variable capacitor in 
the crystal circuit, and the oscillator grid current meter, a 
control which varies oscillator activity, and thereby crystal cur- 
rent, is provided in both models 50 and°5!. A crystal current 
meter is provided in model 51 only. 


The series and anti resonant frequencies of crystals can be 
measured with conventional frequency measuring equipment. 
With frequency measuring equipment and a VTVM, simple 
measurements and calculations can be made to yield crystal 
voltage at either series or anti resonant operation, the series 
inductance of the crystal, the series capacitance of the erystal, 
and the Performance Index of the crystal. 


Lavoie Laboratoris 


RADIO ENGINEERS AND MANUFACTURERS 


MORGANVILLE. N.J. 


Specialists in the Development and Manufacture of UHF Equipment 
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THE FUTURE HOLDS GREAT PROMISE 


Neither chance nor mere good fortune 
has brought this nation the finest tele- 
phone service in the world. The service 
Americans enjoy in such abundance is 
directly the product of their own imag- 
ination, enterprise and common sense. 


The people of America have put bil- 
lions of dollars of their savings into 
building their telephone system. They 
have learned more and more ways to use 
the telephone to advantage, and have 
continuously encouraged invention and 
initiative to find new paths toward new 
horizons. 


They have made the rendering of 
telephone service a public trust; at the 
same time, they have given the tele- 
phone companies, under regulation, the 
freedom and resources they must have 
to do their job as well as possible. 


In rms climate of freedom and re- 
sponsibility, the Bcll System has pro- 
vided service of stcadily increasing value 
to more and more people. Our policy, 
often stated, is to give the best possible 
service at the lowest cost consistent with 
financial safety and fair treatment of 
employces. We are organized as we are 
in order to carry that policy out. 


7 
BELL TELEPHONE LABORATORIES uy à 
AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE ` A J 


Bru Telephone Laboratories lead the 
world in improving communication 
devices and techniques. 


Western Electric Company provides 
the Bell operating companies with tele- 
phone equipment of the highest qual 
ity at reasonable prices, and can always 
be counted on in emergencies to de- 
liver the goods whenever and wherever 
needed. 


The operating telephone companics 
and the parent company work together 
so that improvements in one place may 
spread quickly to others. Because all 
units of the System have the same sers 
ice goals, great benefits flow to the 
public. 


Similarly, the financial good health 
of the Bell System over a period of many 
years has been to the advantage of the 
public no less than the stockholders and 
employees. 


It is equally essential and in the pub- 
lic interest that telephone rates and 
‘earnings now and in the future be ade- 
quate to continue to pav good wages, 
protect the billions of dollars of savings 
invested in the System, and attract the 


new capital needed to mect the service 
opportunities and responsibilities ahead 


There is a tremendous amount of 
work to be done in the near future and 
the System’s technical and human re 
sources to do it have never been better 


‘Our physical equipment is the best in 


history, though still heavily loaded, and 
we have many new and improved facili 
ties to incorporate in the plant. Em 
ployees arc competent and courtcous 
The long-standing Bell System policy 
of making promotions from thc ranks 
assures thc continuing vigor of the 
organization 


Win these assets, with the traditional 
spirit of service to get the message 
through, and with confidence that the 
Amcrican people understand the nced 
for maintaining on a sound financial 
basis the essential public services per- 
formed by the Bell System, we look 
forward to providing a service better 
and morc valuable in the future than 
at any timc in the past. We pledge our 
utmost efforts to that end. 


LEROY A. WILSON. President 
American Telephone and Telegraph Company. 
(From the 1948 Annual Report.) 


EXPLORING AND INVENTING, DEVISING 


b 


P 


extrusion 


Carefully controlled compositions extruded 
through precision made dies...a fast, 
economical production method for many 


shapes in Custom Made Technical Ceramics 


Basic shapes which have been 
extruded can be cut, machined, 
threaded, drilled in the un- 
fired state. This combination of 
processes . . . all available 
under one roof . . . can produce 


seemingly complex parts at 


$i 


ptices favorable to your pro- 


duction budget. Send us your 


6533131158 


N 


AWWA 
OQ 


blueprint for recommendations. 


One of several botteries of modern extrusion presses which give AlSiMog excep- 
tional quality, fovoroble cost . . . ond' facilities unmatched in the industry. 


ALSIMAL 


MERICA LAVA CORPORATIO 


A D Rs 


A 


N 


CHATTANOOGA 5, TENNESSEE 


OFFICES: METROPOLITAN AREA:. 671 Broad St., Newark, N.J., Mitchell 2-8159 Ld CHICAGO, 9 South Clint t., Central 6-1721 
PHILADELPHIA, 1649 North Broad Street, Stevenson 4-2823 © LOS ANGELES, 212. South Hill See Mutual 3076 
NEW ENGLAND, 38-B Brattle St., Cambridge, Mass., Kirkland 7-4498 . ST. LOUIS, 1123 Washington Ave., Garfield 4959 
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Follow the Leoders fo 
e 


b The Power for R-F 


HELPS BUILD®BETTER VACUUM TUBES 


With the increasing demand for higher powers at higher 
frequencies the importance of close relationship between 
tube and circuit design has become paramount. 


A large segment of the laboratory facilities at Eitel- 
McCullough is concerned with the development of basic new 
circuits closely correlated with vacuum tube development. 
The efforts of this group are receiving wide recognition for 
their outstanding accomplishments. These new circuits are 
being made available, as developed, to the industry enabling 
greater realization of a vacuum tube's potential abilities. 


Evidence of these efforts is illustrated above A 14- 
tube annular r-f generator. This compact equipment can 
provide 500 watts of CW power at 1000-Mc, and has operat- 
ing possibilities as high as 2500-Mc. This is but one appli- 
cation of the basic annular circuit design developed by Eimac. 
The power-output in such a generator is directly proportional 
to the number of tubes used, and single tube efficiency is 
maintained 


EITEL-McCULLOUGH INC. 


728 SAN MATEO AVE., SAN BRUNO, CALIFORNIA 


Export Agents: Frazar & Hansen, 301 Clay $t., San Francisco, California 
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La (t ^ we 
8. Here’s the Helipot Principle that is Revolutionizing 


Potentiometer Control in Today’s Electronic Circuits 


CONVENTIONAL POTENTIOMETERS have a coil diameter THE BECKMAN HELIPOT hos the same coil diameter, yet 
af approximately 1% and provide only 4” (about 300°) gives up to 46” (3600°)* af potentiometer slide wire con- ^ 
of potentiometer slide wire control. frol -nearly TWELVE times as much! 


Cutowoy view of the Helipot 


Some of the multiple Helipot advantages 


XTE NSIVELY used on precision electronic equipment 

during the war, the Helipot is now being widely adopted 

by manufacturers of quality electronic equipment to increase the 

accuracy, convenience and utility of their instruments. The Helipot 

permite much finer adjustment of circuits and greater aceuracy in 

resistance control. It permits simplifying controls and eliminating 

extra knobs. Its low-torque characteristics (only one inch-ounce 

starting torque*, running torque even leas) make the Helipot ideal 
for power-driven operations, Servo mechanisms, etc, 


And one of the most important IHelipot advantages is its 
unusually accurate linearity. The Helipot tolerance for deviations 
from true linearity is normally held to within + 0.5%, while pre- 
cision units are available with tolerances held to 0.196, .05%, and 
even less—an accuracy heretofore obtainable only in costly and 
delicate laboratory apparatus. 


The Helipot is available in a wide range of types and resis- 
tances to meet the requirements of many applications, and its 
versatile design permits ready adaptation of a variety of special 

Z7 features, as may be called for in meeting new problems of resis- 
tance control. Let us study yo otentiometer-rhe 
x HELIPOTS ARE AVAILABLE IN MANY SIZES: pejetuny curipe ten ue mele costa problem 
and make recommendations on the application of Helipot advan- 
MOOEL A—5 watts, incorporating 10 helical turns and a slide wire 


length ol da inches casas dlamioner GAM Coat iaiatallablenwitbaresleance tages to your equipment. No obligation of course. Write today. 

values from 10 ohms to 300,000 ohms, 

MOOEL DS watts, wlth 15 helical turns and 140" alide wire, case ; 5 

Cate ti der is available with resistance values from 50 ohms to ** Data is for Model A unit 
ohms. 


MOOEL C—2 watts, with 3 helical turns and 13%” slide wire, case 
diameter 1%", available in resistances from 5 ohms to 50,000 ohms, 


MOOEL 0—15 watts, with 25 helical turns and 234” slide wire, caso Send for the New Melipot Booklet! 
diameter 3'4'', available in resistances from 100 ohms to 75,000 ohms, 


MOOEL E—20 watts, with 40 helical turns and 873'' slide wiro, case 
Tanier 3%” is available with resistance values from 200 ohms to 


Other types and designs of Potentiometers available, 


[.] 
THE Helipot CORPORATION, SOUTH PASEDENA 6, CALIFORNIA 
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FIXED RESISTORS 
—— i 
— — u 
— ——— ——— 


In all standard R.M.A. values as follows —?4 watt from 10 ohms 
to 22 megohms; | watt from 2.7 ohms to 22 megohms; 2 watt 
from 10 ohms to 22 megohms. Small in size; tops In quality. 


SMALL CONTACTORS 


Bulletin 700 Universal Relays ore avail- 
able in 10-amp rating with 2, 4, 6, ond 
8 poles. Two contact banks permit quick 
changes from normally open to normally 
closed contacts. The double-break, sil- 
ver-alloy contacts require no mainte- 
nance. There are no pins, pivots, bear- 
ings, or hinges to bind, stick, or corrode. 


TIMING RELAYS 


Bulletin 848 Timing Relays are ideal for any 
service requiring an adjustable, delayed- action 
relay. They have normally open or normally 
closed contacts. The magnetic core is restrained 
from rising by the piston in fluid dashpot. Ideal 
for transmitter plate voltage control. Time delay 
period of these relays is adjustable. 


ADJUSTABLE RESISTORS 


Type J Bradleyometers can produce any 
resistance-rotation curve, Resistor element 
is solid-motded as a one-piece ring that is 
unaffected by age, wear, heat, or moisture. 
Can be supplied in single-, dual-, or triple- 
unit construction for rheostat or potenti- 
ometer applications. Built-in line switch is 
optional on single or dual types. 


LARGE CONTACTORS 


Bulletin 702 Solenoid Contactors are 
available for ratings up to 300 amperes. 
Arranged for 2- or 3-wire control with 
push buttons or automatic pilot devices. 
Enclosing cabinets furnished for all serv- 
ice conditions. The double - break, silver- 
alloy contacts need no maintenance. For 
complete description and dimensions, 
please send for Bulletin 702. 


LIMIT SWITCHES 


Essential for sofety inter- 
locks on transmitter cabi- 
nets, Also used forsequence 
switching, restricting ma- 
chine motions, and starting, 
stopping, and reversing 
motors. Let us send you 
Bulletin 701-2. 


RESISTORS - RELAYS - CONTACTORS 


for Quality Electronic Equipment 


When you design an electronic device that 
must meet rigid performance specifications... 
your component parts must be "tops" in qual- 
ity. For such applications, the leading electronic 
engineers use Allen-Bradley fixed and adjust- 
able resistors; Allen-Bradley relays and con- 
tactors; Allen-Bradley standard and precision 


Sold exclusively to manufacturers 


limit switches. Let us send you data on all items 
listed above. In war service and in peace- 
time applications, Allen-Bradley components 
are the choice of electronic engineers for tele- 
vision and radar circuits. 


Allen-Bradley Co. 
114 W. Greenfield Ave., Milwaukee 4, Wis. 


of radio and electronic equipment 


_ ALLEN-BRADLEY 


RESISTORS 


| RELAYS 


c : . AJ 
NT Y 1 | 
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GL-866-A 
GL-8008 
GL-673 
GL-869-B 5v 


SERVICE-PROVED 


RECTIFIER 
TURES 


PACEMAKERS IN DESIGN 


AVAILABLE IN A WIDE RANGE OF CAPACITIES 


ODULATION, amplification, final 
M output, all need d-c power... 
continuous, dependable if off-the-air 
periods are to be avoided. Your rec- 
tifier tubes are basic; good rectifier 
tubes make for good broadcasting. 
So buy General Electric— buy the 
best! 

Design improvement is constant, 
with G-E rectifier types ever-new in 
their efficiency. For example, the 
new straight-side bulbs of Types 
GL-8008 and GL-673 give an 
increased temperature margin of 
safety; their slim contour also makes 
the tubes easier to handle, better to 
install. 

Future AM-FM-TV power-re- 
quirement possibilities are matched 


GENERAL 


FIRST AND GREATEST 


Cathode 
current 


Cathode 


Type | 
_ voltage 


"- 
2.5v 5 amp 

5v 7.5 amp 

5v 10 amp 


19 amp 


NAME 


Anode peak 


10,000 v 
10,000 v 
15,000 v 
20,000 v 


by new G-E designs, such as the 
GL-5630 ignitron for a-cto d-c con- 
version, With this high-capacity tube 
it is possible to supply—economi- 
cally, reliably— direct current in 
large amounts to broadcast trans- 
mitters. 

If you build or design equipment, 
phone your nearby G-E electronics 
office for expert assistance in select- 
ing the right G-E rectifier types. 
There are more than a dozen from 
which to choose. If a station oper- 
ator needing tubes for replacement, 
your local G-E tube distributor will 
be glad to serve you promptly, effi- 
ciently, out of ample stocks on hand. 
Electronics Department, General Elec- 
tric Company, Schenectady 5, N. Y. 


ELECTRIC 


180-H5 


IN ELECTRONICS 


Anode avg 
current 


Anode peak 


voltage current 


0.25 amp 
1.25 amp 


1 amp 
5 amp 
6 amp 1.5 amp 


10 amp 2.5 amp 


GL-857-B 5v 


| 30 amp 
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22,000 v 


(*20 amp) 
40 amp 


(*5 amp) 
10 amp 


(*Quadroture operation) 


GL-8008 

/ {also supplied 
with 50-wott 
bose as Type 

GL-872-A} 


(also supplied 

with 50-wott 

bose as Type 
GL-575-A} 
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WILCOX sERVES THE GOVERNMENTS OF THE WORLD 


(iy 
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Wherever airplanes fly — wherever lives depend on reliable communications 
— yov'll find WILCOX radio transmitting and receiving equipment. From the 
Scandinavian countries to New Zealand...from Portugal to Pakistan, the govern- 
ments of the world select WILCOX because of its proven performance under all 
extremes of climate, temperature, and humidity. 


As with many governments, WILCOX is being used by the United States 
government in the basic communication systems for the Air Force, 


Signal Corps, 
and the Civil Aeronautics Authority. 


The governments of the world have spanned the globe with WILCOX com- 


munications. From the Berlin Airlift to the Orient.. . WILCOX equipments carry the 


messages that help keep freedom a vital force in the turbulent affairs of the world. 
WRITE TODAY.. 


. for complete information on all types of point-to-point, 
air-borne, 


ground station, or shore-to-ship communications equipment. 


WILCOX ELECTRIC COMPANY 


KANSAS CITY MISSOURI 
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A MINIATURE 
TWIN TRIODE WITH 

UNEQUALLED PERFORMANCE / 

CAPABILITIES Y 


n high-performance general-purpose tube may be 
used as a power amplifier, as a cw, or pulsed 
oscillator, and as a cathode follower. It is equally useful 
in balanced circuits, as a modulator or a servo amplifier 


/ Exceptionally high perveance and tremen- 
dous reserve emission. 


2 Out-performs all other tubes of its class. and in the countless other applications for which twin 
triodes are so suitable. It is painstakingly produced 
3 Performance potential equivalent to two- under laboratory conditions. Each part is individually 
and-a-half times that of a 6SN7GT tube. inspected and tested and every step of assembly is 
rigidly held to highest stondard. The result is excep- 

4 On the Army-Navy Preferred List. tional uniformity and reliability. 


For more complete information about 
the 5687, write for these bulletins. 


The Tung-Sol engineering which has produced 
the 5687 is constantly at work on a multitude of 


special electron tube developments for industry. 
B Many exceptionally efficient general and spe- 
cial purpose tubes have resulted. Information 


ELECTRON TUBES — ere Turo-Soi Commercial Engineering 


Department. 


TUNG-SOL LAMP WORKS INC., NEWARK 4, NEW JERSEY 
SALES ÖFPICES: ATLANTA + CHICAGO + DALLAS + DENVER + DETROIT + LOS ANGELES - NEWARK 
Alec Mire. of: NECEIVING TUBES, MINIATURE INCANDESCENT LAMPS, ALL-GLASS SEALED BEAM HEADLIGHT LAMPS ond CURRENT INTERMITTORS 
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Triad Transformers 


: Now Stocked by 
PrAlRDS Distributors 


Formerly Available 
Only as Components of 
Fine Electronic Equipment 


Thoroughly tested and proved by years of exacting performance 
requirements on original equipment, Triad Transformers are de- 
signed and built to meet these specific applications 


ORIGINAL EQUIPMENT—TRIAD ‘HS’ transformers for original equipment 
embody superior techniques in transformer design and construc- 
tion — power transformers of low temperature rise and good 
regulation—chokes of low resistance and high inductance—audio 
transformers of wide range both in frequency response and in 
power-handling capacity. Such transformers deserve the best in 
mechanical construction and protection against failure as exempli- 
fied by TRIAD's perfected hermetic sealing. Quantity production 
of hermetically sealed transformers for our Armed Services under 
JAN specifications has resulted in improved production tech- 
niques, and has lowered costs on these exceptionally long-lived 
units to permit their use in quality electronic apparatus. 


ACEMENT—TRIAD is a major source of transformers for radio 
and television manufacturers. TRIAD replacement transformers 
therefore, incorporate many parts and features to make them 
readily and universally adaptable to vacant Spots in these 
chassis. Features include High-quality materials, permitting 
small size without excessive temperature rise; vacuum varnish 
impregnation of both coil and core, copper foil static shields in 
al power coils, heavy drawn steel cases with sturdy baked 
enamel finish,and high temperature UL approved lead materials. 


| GEBPHYSICAL-TRIAD "Geoformers" are individually calibrated compo- 
nents for incorporation in 5-500 cycle measuring equipment of 
laboratory precision. Inductance is held within + 53% for the entire 
production and frequently within * 99 for any given shipment 
of transformers. "Geoformers" incorporate hum-bucking coils and 
multiple alloy shielding for minimum pickup; are of minimum size 
and weight, and are vacuum-filled and hermetically sealed. 
Designs are based on years of specialization in this difficult field 
by pioncers in geophysical transformer design. Standard designs 
for use in the most used circuits are carried in stock at the factory 
and by TRIAD distributors. Complete specifications for "Geo- 
formers"are given in TRIAD Bulletin GP-49, available on request. 


TEUR-TRIAD "DX'er" line of amateur transformers have been built 
around high-production, low-cost, transformer parts and simple 
coil constructions. This permits designs employing liberal quanti- 
ties of high-quality material, at reasonable cost. Simple one-pur- 
pose designs with drawn steel cases and flexible leads eliminate 
much of the unnecessary cost involved in heavy castings and 
expensive tapped coil constructions, while still permitting exten- 
sive use of finest materials essential to good transformer design. 
Write for Triad Transformer Catalog TR-49. Some ter- 
ritories still open for qualified manufacturers’ agents. 


BOOTH 74 
Sth Annual Pacific Electronic Exhibit 


August 30, 31 and September 1 
TRANSFORMER MFG. CO 


San Francisco Clvic Auditorium 


2254 SEPULVEDA BLVD. - LOS ANGELES 25, CALIFORNIA 
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News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 


(Continued from page 14A) 


Dc Microammeter and 
Magnetic Amplifier 
A new microammeter, Type 100, de- 
signed to measure low dc is announced by 
W. S. MacDonald Co., Inc., 33 University 
Rd., Cambridge 38, Mass. 


| 
| 


| 
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The Type 100 has an input resistance of 
50 ohms and a sensitivity of 1 ma full 
scale. The input may be overloaded 1 
ampere without causing damage. Unlike 
high sensitivity galvanometers, this in 
strument is not sensitive to position or 
vibration. 

An output jack is provided so that the 
instrument can be used as dc amplifier; as 
such it will actuate a 4-ma 1,400-ohm re- 
corder directly. 


Rf Alignment and TV 
Marker Generator 


A new addition to their line of test 
equipment, the Model 320 Signal Gen- 
erator, is announced by Electronic Instru- 
ment Co., Inc., 276 Newport St., Brook- 
lyn 12, N. Y. 


Designed for use in all phases of the 
radio industry, the Model 320 may be used 
for FM-AM alignment and to provide TV 
marker frequencies. The meter featuresa 
Hartley oscillator with a range of of 150 kc 
to 100 Mc, with fundamentals to 34 Mc. 
A Colpitts type audio oscillator supplies 
400 cps sine wave voltage for modulation. 

As are the majority of Eico products, 
this model is also available as a kit. 


(Continued on page 474) 
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Listen fr the words Transcribed by AMPEX after the great shows in radio 


Here's why..... 


the new series 300 


O 


PEN 


MAGNETIC TAPE RECORDER 
answers industry need ! 


Designed by engineers 
who had your engineering 
needs in mind! 


Console Model 300* $1,573.75 
Portable Model 300 $1,594.41 
Rack Mounted $1,491.75 


* Meter panel extro 


F. O. B. Factory, San Carlos, Calif. 


Portoble model 


* Original program quality preserved 


Use of independent reproduction facilities allows instantaneous 


monitoring and makes possible the most stringent comparisons SPECIFICATIONS | 
between recordings and originals. FREQUENCY RESPONSE: 
* Tape and playback noise non-existant At 15” + 2 db. 50—15,000 cycles 


A17.5'* 2 db, 50— 7,500 cycles 


*SIGNAL-TO-NOISE RATIO: The 
overoll unweighted system noise 
* Editing made easy is 70 db. below tope soturation, 


With Ampex editing is almost instantancous. Single letters have ond over 60 db. below 3% totol 


: ; hormonic distortion ot 400 cycles. 
been actually cut off the end of words. Scissors and scotch tape 


STARTING TIME: Instantaneous. 
are all the tools needed. (When starting in the Normol 


+ You can depend on Ampex Ploy mode of operation, the tape D 
is up to full speed in less than 


Use of special r: cord and bias circuits has eliminated tape noise.* 
Extreme care has been exercised to eliminate huin pick-up. 


Read what Frank Marx, Vice President in charge of Engineering, 
, g g g 


E à .1 second.) 

Ameriean Broadcasting Company, says: For the past two years PLUITER AND WOW -AWIS 

A. B.C. has successfully used magnetic tape for rebroadcast pur- inches per second, well onder 

poses... A.B.C. recorded on AM PEX in Chicago.. .17 hours per 0.1% r.m, s. pred flutter 
i 3 nr . e al d 4 ^ components fram 0 to 300 cycles, 

day. For 2618 hours of playback time, the air time lost was less viing o fae of 3000 epelegicAl 


than 3 minutes: a truly remarkable record.” 7.5 inches, under .2%. 


Manufactured by Ampex Electric Corporation, San Carlos, Calif. 
DISTRIBUTED BY 


GRAYBAR ELECTRIC CO. INC. AUDIO & VIDEO BING CROSBY ENTERPRISES 


420 Lexington Avenue, New York 17, N.Y. PRODUCTS CORPORATION 9028 Sunset Blvd. 
(Offices In principal cities) 1650 Broodwoy Hollywood 46, Calif. 


New York, N. Y. 
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The "Gotham" —TV— 
Radio—Phonograph 
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COSMALITE  zives 
STAR performance in the new ZENITH 


This internally threaded Cosmalite coil form of cloverleaf design in the very 
heart of the Zenith Television Transformer, permits quick tuning of both primary 
and secondary frequencies through the upper end. The hexagon shaft of the 
frequency setter easily passes through the upper core and engages in the lower 
core .. . adjusting the frequencies of both coils with the greatest ease. 


Consult us on the many uses of Cosma- 
lite (low cost phenolic tubing) in tele- 


vision and radio receivers. The "Claridge"—TV 
Table Receiver 


*Reg.U.S.Pat.OR. 


Zl CLEVELAND CONTAINER Z = 


6201 BARBERTON AVE, CLEVELAND 2, OHIO E 
PLANTS AND SALES OFFICES ot Plymouth, Wisc Chicago, Detroit, Ogdensburg. N.Y, Jamesburg, N. d l 

ABRASIVE DIVISION a! Clevelond, Ohio 
CANADIAN PLANT: The Clevelond Contoiner, Conodc, Ltd Prescott, Ontorio 


} LJ 


Cosmalite coil forms are also used 
in transformers of Zenith's table 
radios, such as the new Super-Sensi- 
tive "Major" FM receiver, above. 


REPRESENTATIVES 

> WM T BARRON, EIGHTH UNE, RR è>} OAKVILLE, ONTARIO 

OPOUTAN | , Fe CENTRA AUS 

w YORK T MURRAY, 614 CEN RAL AVE. EAST ORANGE Nj 

NEW ENGLANO E. P PACK AND ASSOCIATES, 968 FARMINGION AVE 
WEST HARTFORD CONN 


v = | 


Developed by MACHLETT 


. Mt 5667 


„gives demonstrably 
superior performance - 
in 889RA sockets 


Government, communications, and industrial users 
of “889RA-type” tubes are now rapidly switching to 
the Machlett-developed 5667*. 

If you are not already familiar with the unique qual- 


wi 


ities of this new tube, here is an opportunity to learn 
exactly why and how the ML-5667 ( completely inter- 
changeable with the 889RA ) is convincingly supe- 
rior by any standard of comparison. 


GET ALL THE FACTS ABOUT THESE FEATURES: 


Special anode construction and processing. 


Completely new and ruggedized structure. Use of the ML-5666 to replace 8894, 
carries the added advantage of the 
Machlett automatic-seal water jacket. 


High R.F. conducting kovar seals. 
Cleaner internal parts and surfaces. 


Machlett high-voltage exhaust. 


Machlett Laboratories, Inc., Springdale, Conn. 


r 
New filament design. l 

| Please send me “The ML-5667 Story” comparing the 
| 

| 

| 

| 

| 

| 

| 

l 


* Adopted by Military Services, U. S. Government 
Agencies, and other large users as the standard 
replacement for 889RA, the 5667 is now their pre- 
ferred tube type for 889RA sockets. 


electrical and mechanical characteristics of the ML-5667 
and the 889RA. 


Nimed — =a —— ——— c M 


Use this coupon to send for 
your copy of “The ML-5667 
Story.” Mail directly to Mach- 
lett or your nearest Graybar 
office. 


Company 
Address... 


City State 


OVER 50 YEARS OF ELECTRON TUBE EXPERIENCE 
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extreme precision, instant response 
in remote indication and control 


CIRCUTROL UNITS: rotary electro 
magnetic devices for use as control 
Components in electronic circuits 
and related equipment. Single and 
polyphase rotor and stator 
windings are available in several 
frame sizes. Deviation from sine 
accuracy of resolver shown is 
-0.3% of maximum output 


TE o 


INDUCTION MOTORS: miniature 
2-phase motors of the squirrel cage 

type. Designed specifically to 
provide fast response to applied 


GEARED MOTOR-DRIVEN 
INDUCTION GENERATORS: 
Small 2-phase servo motor in 


| 


combination with a compact gear-reduce control signals and maximum 
and a low residual induction generator. torque at zero r.p.m. Unit shown 
Motor has high torque/ inertia ratio weighs 6.1 oz. and has stalled 
and develops maximum torque at stall torque of 2.5 oz. in 


Gear-reducer permits a maximum torque 
output of 25 oz. in. and is available 
in ratios from 5:1 to 75,000:1. 


SYNCHRONOUS DIFFERENTIAL UNITS: 
electro-mechanical error detectors with 
mechanical output for use in position or 
speed control servo systems. These torque- 
producing half-speed synchroscopes are 
composed of two variable frequency 
synchronous motors and a smoothly 
operaung system of differential Bearing 


SYNCHRONOUS MOTORS: 
for instrumentation and other 
applications where variable 
loads must be kept in exact 
synchronism with a constant 
or variable frequency source. 
Synchronous power output 
up to 1/100 H.P. 


Output: Speed : Torque up to 1.0 oz. in. 


\! tt IN 
ÁN 
20° 3 À ' 
TELETORQUE UNITS: precision WEN PRESSURE \ pret 
synchros for transmitting M a, = 


st 
angular movements to remote |e Ye 40-1 
points. Accurate within +1°. W j 


May be actuated by mechanisms 
that produce only 4 gm. cm 
(.056 oz. in.) of torque. 


ADDITIONAL SPECIAL PURPOSE AC UNITS BY KOLLSMAN 


With the recent addition of new units to Kollsman’s already widely diversified line the 


electronics engineer will find the solution to an even greater variety of instrumentation and 


control problems. These lightweight, compact units offer the high degree of accuracy 
and positive action essential in dealing with exact quantities. They are the product of 
Kollsman’s long experience in precision instrumentation and aircraft control - 


and of con- 
siderable work done in this field by Kollsman for special naval and 


military application. Most 
units are available at various voltages and frequencies. For complete information address: 


Kollsman Instrument Division Square D Company, 80-66 45th Avenue, Elmhurst, N. Y. 


KOLLSMAN INSTRUMENT DIVISION 


SQUARE J) COMPANY 


ELMHURST, NEW YORK 


GLENDALE, CALIFORNIA 
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RITEOHM PRECISION RESISTORS 


ON-INDUCTIVE 
IE WOUND 
-1% ACCURATE 


| 
i 


A 1-M4^ 6 PIE 3/4". — 022 " = 
WIRE LEAD - Hie BeA NO.6 SCREW 
®18 (040) : 1-3/8 — 826 
--UZ LONG 
ma : 
"IN 


RITEOHM 7! 


76-0325 HOLE FOR NIE 24 Lassa i WIRE LEAO eer: B 
paca NO.6 SCREW WIRE CEAD | 1-3/4-0448 s18 1060 2-13/18—98 5, 
i t| i - 
RITEOHM 8323.632 & 034 RITEOHM 842 4,8444 8 0448 RITEOHM 91.92.94.96 à 98 
However critical the application. Ohmite Riteohm tronic devices requiring extremely accurate resistance 
Precision Resistors assure reliability and consistent components. Available from stock in 14-watt and ] 
accuracy. They are ideal for use in voltmeter multi- watt units in a wide range of values and types .. . or 
pliera, laboratory equipment, test sete, and in elec- made to order... as listed in Bulletin 126. 


Write for Ohmite Precision 
Resistor Bulletin No. 126 


OHMITE MFG. CO. Be Right uith... D) nd RA IY = 


4861 W. Flournoy St., Chicago 44 RHEOSTATS * RESISTORS * TAP SWITCHES 


wHy 


THIS COMMUTATOR Can Stand The 
Most Rugged Service, Yet Costs 


Less To Produce 


SMALL MOTOR COMMUTATORS made by the Spring Division 
of the Borg Warner Corp., Bellwood, Ill., from Revere OFHC 
(Oxygen-Free High Conductivity) copper, exploded to show method 
of construction. After copper shell was stamped and formed on 
multi-slide machine and plastic molding material injected into it 
longitudinal slats were sawed just deep enough to completely pene- 
trate the thickness of copper and thus form the segments, each of 
which are insulated electrically from oue another and anchored 
firmly in the plastic. 


Ir was quite a Complex problem the Spring Division of connection between commutator and shaft without use of 
Borg Warner Corp. dropped into the lap of Revere's a bushing and key. 
Technical Advisory Service. They were getting set to manu- To determine if these commutators could really take it, 
facture commutators for small motors and they wanted test motors in which they were used were speeded up to 
to select the best material for the job. 35,000 rpm. Although the wiring in the rotors practically 
Here were the specifications: The material had to be the exploded at that speed, there were no failures in the commu- 
hardest possible yet still able to take the extremely severe tators, Temperature tests up to 400? F. were also made. 
forming operation which was to be done in a multi-slide Here again there was no damage to the commutator. 
machine. High hardness was necessary in order to com- though the rotor wiring was badly damaged due to the 
bine maximum wear resistance with the abilit to with- combination of centrifugal force and decrease in wire 
stand the extreme centrifugal force dexaloped. in small strength. Once again the unusual combination of properties 
motors operating at high speeds. In addition, in the mold- of Revere OFHC copper had Played a part in helping 
ing operation, which is done after the Copper shells have another one of the country's leading manufacturers pro- 
been formed, it was necessary to hold the diameter of the duce an outstanding product at less cost. 
shell to within .001" in order to prevent the plastic from Perhaps this or some other Revere Metal can be of help 
flowing between the mold and the outer surfaces of the in improving your product—cutting your production costs. 
commutator. An equal tolerance was also imposed upon the Toward that end we suggest that you get in touch with your 
height of the solid cylindrical portion for the same reason. nearest Revere Sales Office. 


Also of great importance was the need for the cylinder wall 
being almost absolutely flat. 


Because of long experience with somewhat similar prob- 
lems Revere recommended trial of OFHC (Oxygen-Free 
High Conductivity) copper, four numbers hard. This was 


tested along with several other metals. The OFHC alone COPPER AND BRASS IN CORPOR ATED 
Mis isn to peo re iat eu and with tolerances Founded by Paul Revere in 1801 
so Close as to be almost unbelievable in this type of opera- 
tion. All other types of copper failed at the very Sharp bend AAD PAANAN Neer Y EK TT NewYork 
where the anchoring lugs join the side of the shell. 

An unusual feature of these commutators is the plastic 
material used in the core. Tough, and unusual in composi- 
tion, it serves both as insulation and as a mechanical 


Mills: Baltimore, Md.; Chicago, Ul; Detroit, Mich.; Los Angeles and 
Riverside, Calif.: New Bedford, Mass.: Rome, N, Y, 
Sales Offices in Principal Cities, Distributors Everywhere, 
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feom the F ELECTRON BEAM STUDIES UNDERLIE 
doo J (IMPROVED TUBE DESIGNS FOR 


f J TELEVISION, COMMUNICATIONS 


n 
| Ries eee 
Ia. in electron beam behavior is | 
a full-time job in the Physics Laboratories 
of Sylvania Electric. Here, for example, 
specialists in electron optics have devised ( 
new systems for overcoming the tendency 
of deflection fields to spread the electron 
beam in cathode-ray tubes. These systems 
permit brighter, sharper images in television 
tubes which are shorter than conventional 
tubes of the same screen size. f| Sylvania 
scientists have also made rigorous 
investigations into the maximum 
electron-beam currents that can be 
produced consistent with sharp beam 
focus. This is of importance to many 
types of electron beam devices, 
including cathode-ray tubes and 
traveling-wave tubes. Improve- 
ments in these products, in turn, 
make possible broader progress in | 
television, microwave relay | 


systems and electronic memory TRA 
devices. f| Such continuing basic Th; OR SYLVANIA’s BES 
research is typical of Sylvania's Pro "i ineer is cbe p. ECT CN PHASE PM | 
never-ending effort to produce lideres. Travelin a king Performan ARCH "B ) 
finer and finer electronic n such du Over a rs tube, deter an experi. Ehi 
products. bea tibet Signal least 1999 9 amplify a | 
Of wire, — 7^8 down the Cen oY from ap aes 
enter of Revi electron Í 
- ` Ong coil j 


SYLVANIA "di 
ELECTRIC 


ELECTRONIC DEVICES: RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING; LIGHT BULBS; PHOTOLAMPS 


PROCEEDINGS OF THE LR.E. August, 1949 


32A 


THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


* » the five most popular kinescopes 


— from one 


RCA now has a popular type of kinescope to 
accommodate television receiver designs in prac- 
tically every class and price range. 


Concentrated production on these five accepted 
types results in longer production runs, which 
in turn, make possible lower cost, more uniform, 
and better quality tubes for our customers. 

All five types are currently being mass-produced 
at the famed RCA tube plant in Lancaster, Penn- 
sylvania. In addition, a large new plant is under 
construction at Marion, Indiana, where the pro- 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 


dependable source 


duction will be centered on the RCA-16-inch 
metal-cone kinescope. 


RCA Application Engineers are ready to cooper- 
atewith you in applying these kinescopes and their 
associated components to your specific designs. 
For further information write RCA, Commercial 
Engineering, Section 47HR, Harrison, N. J. 


-a 
" «js V e f. n m 
"deem s” 


The world's mos! modern tubo plont... 


RCA, LANCASTER, PA. 


HARRISON, N.J. 


PROCEEDINGS OF THE 1.R.E 


August, 1949 


BOARD OF 


DIRECTORS. 1949 


Stuart L. Bailev 
President 


A. S. McDonald 
Vice-President 
D. B. Sinclair 
Treasurer 
Haraden Pratt 
Secretary 
Alfred N. Goldsmith 
Editor 
W. R. G. Baker 
Senior Past President 


B. E. Shackelford 
Junior Past President 


1949-1950 
Ben Akerman 
J. V. L. Hogan 

F. H. R. Pounsett 
]. E. Shepherd 
J. A. Stratton 

G. R. Town 


1949-1951 


W. L. Everitt 
D. G. Fink 


1919 


]. B. Coleman 
M. G. Crosby 
E. W. Engstrom 
R. A. Heising 
T. A. Hunter 
J. W. McRae 
H. J. Reich 
F. E. Terman 
H. A. Zahl 


Harold R. Zeamans 
General Counsel 


George W. Bailey 
Executive Secretary 


Laurence G. Cumming 
Technical Secretary 


BOARD OF EDITORS 
Alfred N. Goldsmith 
Chairman 


PAPERS REVIEW 
COMMITTEE 


George F. Metcalf 
Chairman 
e 


PAPERS 
PROCUREMENT 
COMMITTEE 


John D. Reid 
General Chairman 


PROCEEDINGS OF THE LR.E. 


(Including the WAVES AND ELECTRONS Section) 


Published Monthly by 


The Institute of Radio Engineers, Inc. 


VOLUME 37 


August, 1949 


PROCEEDINGS OF THE I.R.E. 


William L. Everitt, Board of Directors, 1949-1951..... 
The Valuable By-Product er, V. K. Zworykin 
3390. Path-Length Microwave Leases: a MIU AR Winston E. Kock 
3391. ey Polay Line Memory Using a Pulse Rate of Several Mega- 
cycles. ...... Isaac L. Auerbach, J. Presper Eckert, Jr., 
5 . Robert F. Shaw, and C. Bradford Sheppard 
3217. Correction to “A Digital Computer for Scientific Applications"... 
...C. F. West and J. E. DeTurk 
3392. An Analy sis of Magnetic Amplifiers with Feedback.. 
...D: W. Ver Planck, M. Fishman, and D. C. Beaumariage 
3393. Part H.— Electrical Network Analyzers for the Solution of Electro- 
magnetic Field Problems: Operation. ..... 
.K. Spangenberg, G. Walters, and F. Schott 
Design of Optimum Transient Response Amplifiers... . 
Pierre R. Aigrain and Everard M. Williams 
Admittance of the 1B25 Microwave Switching Tube 
.... Ralph W. Engstrom and Arnold R. Moore 
Bridged Reactance-Resistance Networks G. R. Harris 
lonospheric Virtual Height Measurements at 100 Kilocycles. $ 
Robert A. Helliwell 
Abstract of “The Demodulation of a Frequency- -Modulated Car- 
rier and Random Noise by a Discriminator” . Nelson M. Blachman 
2973. Discussion on “Application « of MU -Modulation Tubes for Re- 
ception at U.H.F. and S.H.F." by M. J. O. Strutt and A. van der Ziel 
E. Barlow and M. J. O. Strutt and A. van der Ziel 
Contributors to the PROCEEDINGS OF THE I. R.E.. 


3394. 
3395. 


3396. 
3397. 


3398. 


INSTITUTE NEws AND RADIO NoTES SECTION 


Calendar of Coming Events. . 
Joint Technical Advisory Committee sSummary of ACH HIY 
Industrial Engineering Notes "— 


Books: 
3399. "Vacuum Tube Amplifiers" edited by G. E. Valley. Jr. and Henry Wallman. . 
Reviewed by L. J. Giacoletto 
Reviewed by E. Wi Krause 
Reviewed by J. Heins 


3400. “Cosmic Ray Physics" by D. J. X Montgomery 
3401. “Radio at Ultra-High Frequencies, Volume I!” 

3402. “The Radio Amateur's Handbook” Reviewed by L. Jerome dm 
“Radio Fundamentals” by Arthur L. Albert Reviewed by Samuel Seely 


IRE People. needs oc nb es. t o nau mame URE ER TIE ON IE ee ee UR 


WAVES AND ELECTRONS SECTION 


3404. Cover Sheet for Technical Memoranda—A Technique’ in Informa- 
tion Exchange . C. Mathes 
3405. Radioactive Standards and Methods of Testinz Instrument Used 
in the Measurement of Radioactivity. F. Curtiss 
3406. The Columbia Long-Playing Microgroove patie System 
Peter C. Goldmark, René Snepvangers, and William S. Bachman 
Direct Voltage Performance Test for Capacitor Paper... . 
Harold A. Sauer and David A. McLean 
Some Aspects of Cathode-Follower Design at Radio Frequencies 
....Fred D. Clapp 
Noise from Current- Carrying Resistors 20 to 500 Kc...... 
R. H. Campbell, Jr., and R. A. Chipman 
An Analysis of the Sensing Method of Automatic Frequency Con 
trol for Microwave Oscillators. . .Eugene F. Grant 
3411. New Design for a Secondary- Emission Trigger Tuber 
C. F. Miller and W. S. McLean 
3412. Electronic Techniques Applied to Analogue Methods of Computa- 
tion G. McCann, C. H. Wilts, and B. N. Locanthi 
Contributors to Waves TA Electrons Section. . 
3413. Abstracts and References. 


3407. 
3408. 
3409. 
3410. 


Section Meetings lekat 34A Positions Open............. 
Student Branch Meetings 40A Positions Wanted........... 
Membership. . 43A News—New Products........ 


Advertising Index. 62A 


Copyright, 1949, by The Institute of Radio Engineers, Inc. 


NuMBER 8 


EDITORIAL DEPARTMENT 


Alfred N. Goldsmith 
Editor 


Clinton B. DeSotot 


Technical Editor, 
1946-1949 


E. K. Gannett 
Technical Editor 


Mary L. Potter 
Assistant Editor 


William C. Copp 
Advertising Manager 


Lillian Petranek 
Assistant Advertising Manager 


Responsibility for the contents of 
papers published in the 
PROCEEDINGS OF THE I. R.E. 
rests upon the authors. 
Statements made in papers 
are not binding on the Institute 
or its members. 


Changes of address (with ad- 
vance notice of fifteen days) and 
communications regarding sub- 
scriptions and payments should 
be mailed to the Secretary of 
the Institute, at 450 Ahnaip St., 
Menasha, Wisconsin, or 1 East 
79 Street, New York WaN SY: 
All rights of republication, in- 
cluding translation into foreign 
languages, are reserved by the 
Institute. Abstracts of papers, 
with mention of their source, 
may be printed. Requests for 
republication privileges should 
be addressed to The İnstitute of 
Radio Engineers. 


t Deceased 


(e) 


i 
a 
R 
h 


850 


PROCEEDINGS OF THE LR: 


August 


William L. Everitt 


BOARD or DIRECTORS, 1949-195] 


William Litell Everitt was born on April 14, 1900, in 
Baltimore, Maryland. During World War I he served in 
the U. S. Marine Corps from 1918 to 1919, At the war's 
conclusion, he matriculated at Cornell University, 
where he taught electrical engineering from 1920 until 
he received the E.E. degree in 1922. 

In that year he joined the North Electric Manufac- 
turing Company of Galion, Ohio, as engineer in charge 
of the design and development of their relay automatic 
public switchboard exchanges. He left in 1924 to teach 
electrical engineering at the University of Michigan, 
transferring to Ohio State University in 1926—the year 
in which he received the M.A. from Michigan—to take 
charge of their communications engineering staff in the 
capacity of assistant professor. Meanwhile, during the 
summers from 1925 to 1930, he served with the depart- 
ment of development and research of the American 
Telephone and Telegraph Company. 

Joining The Institute of Radio Engineers as an Asso- 
ciate Member in 1925, he became a Member in 1929, and 
also was clevated to the rank of associate professor at 
Ohio State in that year. In 1933 he received the Ph.D. 
degree and was promoted to a full professorship. At 
Ohio State he originated and directed the annual Broad 


cast Engineering Conference, in which the IRE partici 
pated, He became a Fellow of the IRE in 1938. 

In 1940 Dr. Everitt was appointed a member of the 
Communications Seetion of the National Defense Re 
search Committee, Two vears later he took a leave 
of absence from the University to serve as director of 
operational research with the U.S. Army Signal Corps 
He was appointed head of the University of [Dlinois 
electrical engineering department ii absentia in 1945, 
and at the war's conclusion he took up his duties there. 
Effective September 1, 1949, he will become Dean of the 
University of IHlinois' engineering college. 

The author and editor of numerous texts and articles 
on electrical engineering, Dr. Everitt has been a con 
sultant for various broadcast stations and radio manu 
facturing companies. He President of the IRE in 
1945 and lras been a member of anumber of committees: 
currently he is on the Circuits Committee and the 
Board of Editors. Dr. Everitt is also a Fellow of the 
MEE, a member of the National Council of Tau Beta 
Pi, and a member of Sigma Ni, Eta Kappa Nu, the 
Acoustical Society of America, the American Society 
for I ngineering | ducation, and the American Associa 
tion for the Advancement of Science 
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The Valuable By-Product 


V. K. ZWORYKIN 


Scientists, in their systematic study of phenomena and their development of the covering 
theories, pursue a lengthy and sometimes tortuous path. Shall they always head unswervingly 
toward the distant goal or should they occasionally pursue, or at least point out, interesting side 
paths? 

These matters are considered in the following guest editorial by an eminent research worker, 
the correctness and fruitfulness of whose methods have been amply proven. He is a vice-president 
and technical consultant of the RCA Laboratories, and a Fellow of the IRE and member of the | 
Board of Editors.— The Editor. 


“Select your goal carefully, and then, looking neither to left nor right, pursue it." 

That is good advice. Yet, like most good advice, it can be overstressed. Much that is of great 
value has come from the exploration of bypaths in science and engineering. Certainly, few will 
dispute Róntgen's wisdom in ferreting out the cause of the lighting up of a fluorescent screen 
near his enclosed gas discharge tube, and studying the phenomenon with such thoroughness 
that he was able not only to announce to the world the existence of X rays, but also to give 
an extraordinarily complete description of their characteristics. Perhaps the ideal compromise 
between persistence in a chosen line of investigation and the exploration of an incidental find 
was practiced by Hertz in the discovery of the photoelectric effect. Having noted unexplained 
nonuniformities in the length of induced sparks, he performed a series of critical experiments 
with available equipment, which demonstrated that these arose from the action of ultraviolet 
light on the negative spark electrode. After publishing a careful description of these experiments 
for the guidance of later investigators, Hertz returned to his original objective—the demon- 
stration of electric waves as predicted by Maxwell's theory—and thus helped to lay the basic 
groundwork for the radio industry. 

There are many examples of the valuable by-product in our own experience in the develop- 
ment of television. Perhaps the first that comes to mind is the multiplier phototube which now 
plays such a vital role as detector in nuclear and cosmic-ray work, and has found innumerable 
other applications in industry and research. Our immediate interest in secondary-emission 
multiplication stemmed from the need of increasing the signal strength of television pickup tubes. 
Again, the electron microscope, which has extended the range of our vision by two orders of 
magnitude, naturally fitted into the orbit of our interests as the result of our intensive occupation 
with the electron-optical problems of television; the circuit experience gained in television devel- 
opment helped to create an instrument of compact dimension with a resolving power approach- 
ing the theoretical limit. The infrared-sensitive image tube, which came to play an important 
part as reconnaissance instrument during the war, was another early by-product of pick-up 
tube research. And now, a variety of storage tubes, the offspring of television research in tube 
construction, operating principles, and circuitry, promise to make material contributions to air 
safety through systems such as Teleran, to facilitate the study of high-speed phenomena, and 
to bring within reach the solution of mathematical problems of baffling complexity by modern 
electronic computing machines. 

The list is not complete, nor is there any sign of a halt in the flow of new ideas and new devices 
that spring from television development. There can be little question that the same applies to 
any number of other lines of endeavor. It is with this in mind that I would change the advice 
given above to the following: 

“Select your goal carefully, and then, looking both left and right, proceed on your way, mark- 
ing out promising side paths as they meet your eyes. Thus, you may reach your goal sooner and 
help others, in turn, to reach their goals." 
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Path-Length Microwave Lenses 
WINSTON E. KOCK, SENIOR MEMBER, IRE 


Summary—Lens antennas for microwave applications are de- 
scribed which produce a focusing effect by physically increasing the 
path lengths, compared to free space, of radio waves passing through 
the lens. This is accomplished by means of baffle plates which ex- 
tend parallel to the magnetic vector, and which are either tilted or 
bent into serpentine shape so as to force the waves to travel the 
longer-inclined or serpentine path. The three-dimensional contour 
of the plate array is shaped to correspond to a convex lens. The 
advantages over previous metallic lenses are: broader band per- 
formance, greater simplicity, and less severe tolerances. 


INTRODUCTION 


ENSES ARE useful microwave antennas because 
JE of their tolerance advantages. An amount of twist 
or warp of the completed antenna which would 
seriously degrade the gain and directional properties of 
a parabolic dish reflector antenna will generally have 
negligible effect upon the performance of an equivalent 
lens. 

Two types of metallic microwave lenses developed by 
the Bell Telephone Laboratories have previously been 
described. The first comprised rows of conducting plates 
which acted as waveguides and achieved a focusing ef- 
fect by virtue of the higher phase velocity of electro- 
magnetic waves passing between the plates.! 

The second type was a scaled-up version of the lattice 


Fig. 1—A partially assembled 10-foot artificial dielectric 
shielded-lens antenna for microwave relay use. 


* Decimal classification: R326.8X R310. Original manuscript re- 
ceived by the Institute, January 11, 1949, 

t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

! W. E. Kock, “Metal-lens antennas,” Proc, V.R.E., vol. 34, pp. 
828-837; November, 1946. 


structure of a true dielectric, whereby small conducting 
elements replaced the molecules of the dielectric, and 
the polarization which these elements engendered dupli- 
cated the polarization of the true dielectric.? This type of 
lens exhibited very broad frequency characteristics, so 
that it was effective over a much larger wavelength band 
than the previous waveguide lens. Because, however, 
the elements were small compared to the wavelength, 
large size lenses of this type contained large numbers of 
the conducting elements, and the construction became 
somewhat tedious. For example, the partially assembled 
10-foot delay lens shown in Fig. 1 (strip type structure) 
requires several thousand strips to fill the 10 foot aper- 
ture. The lenses to be described in this paper retain the 
broad-band features of the delay type, but permit of 
simpler construction. 


FUNDAMENTAL PRINCIPLES 


The principle of operation of the path-length lenses 
can be described in connection with Fig. 2. If parallel 
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Fig. 2—Use of conducting plates or grids (shown dotted) to 
effect a wave delay. $ 


conducting plates are presented to electromagnetic 
waves polarized perpendicularly to the plates, little ef- 
fect will be produced on the progress of the waves, pro- 
viding that the plates are flat and aligned along the di- 
rection of propagation, as shown in the top of the figure. 
If, however, the plates are bent into serpentine shape, as 
shown in the bottom of the figure, the sinuous path /, in- 
side the plates, will be longer than that outside lo, and 
delay will be produced. In order to avoid the generation 
of a second-order mode, the vertical spacing of the plates 
must be less than one-half wavelength, but for all wave- 
lengths longer than this, a constant delay and thus a 
constant refractive index is obtained. If, instead of the 
serpentine construction, the plates are tilted so that 
they form an angle with the direction of propagation, a 
delay will also be produced, since the waves will be forced 


? W. E. Kock, “Metallic delay len es," Bell Sys. Tech i 
"IMPER utes ee enses," Bell Sys. Tech. Jour., vol. 
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to traverse the longer inclined path. Instead of solid outer curved surface must assume an asymmetrical 

plates, a grid structure can be used if desired, as shown shape in order that a plane wave emerge from it. 

by the dotted lines in the bottom of Fig. 2. The wires of 

the grid must be less than one-half wavelength apart in 

order to simulate the effect of a solid sheet. Two types of lightweight grid structures are shown in 
Fig. 4. In both cases, the vertical spacing b and the hori- 


CONSTRUCTION METHODS 


DESIGN CONSIDERATIONS 


The design of microwave lenses using the path-length 
principle follows, in general, the design of any lens in 
which the material comprising the lens has an index of 
refraction greater than unity. For example, in Fig. 3, the 
contour A CGHD defines the cross section of a slant plate 
lens looking end on at the plates, and the curved portion 
ACG is obtained by making the path lengths of all rays 
equal from the focus to the plane BEI. The added delay 
or increased path length of ray 2 is equal to the added 
length of the line CD, compared to its free-space path ' . a) , 
(the thickness of the lens from point C to thefrontsur- FE t dedos ud imu ie orcs penting 
face). The effective index of refraction is thus equal to 
1/cosine 6. zontal spacing a of the grid wires must be less than one- 

When the lens has a flat front surface, the curved side, half wavelength for proper operation, as explained ear- 
which is towards the feed, turns out to be a hyperboloid lier. The serpentine or slanted wires are affixed to poly- 
of revolution, as in the usual case of dielectric lens. The styrene foam slabs, and the contour of the wire grid 
equation of the generating hyperbola of this surface is? outline on each slab is a section parallel to the axis of the 

hyperboloid of revolution generated by (1). Polystyrene 
ES p "uS ED. (1) foam (Styrofoam, Dow), is light in weight and transpar- 

where n is the effective index of refraction (1/cos 0 for ent to microwaves. 
the slant plate and l/l for the serpentine lens), f is the A photograph of a serpentine lens of the type sketched 
focal length, and the origin of the co-ordinate system is in Fig. 4(a) is shown in Fig. 5. This lens is 12 inches 


at the point C in Fig. 3. square and was designed for 3-cm microwaves. A two- 
foot square slanted wire lens of the type sketched in Fig. 
PLANE wave 4(b) is shown in Fig. 6. It was designed for use at 7-cm 

à 8 


Dean 


cosa Fig. 5--One-foot diameter serpentine wire lens for 3-cm 


x : wavelengths. 
Fig. 3—Determinaton of lens contour for path-length lenses B 


Haa Na wavelengths. One of the foam slabs with grid wires at- 
tached is shown separately, and the remaining slabs 
have not yet been put into the frame. 

Fig. 7 shows the magnetic plane pattern of this lens 
! See Fig. 17 in footnote reference 2. when illuminated with a small feed horn. The feed horn 


For the lens reversed, so that rays starting from the 
focal point strike the flat surface, the contour of the 
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Fig. 6—A partially assembled slant wire lens for 7-cm operation 


Wy 


Fig. 7—Radiation pattern of the lens of Fig. 6. 


Fig. 8—Continuous sheet slant plate lens 30 inches in diameter. 


had insufficient directivity to suppress the minor lobes 
as well as might be desired, but the symmetry and beam 
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width of the pattern indicate satisfactory operation of 
the lens. 

For slant plate lenses employing solid plates instead 
of grids, the profiles of the plates again are sections of 
the design hyperboloid, but they are now formed by 
planes making an angle 0 with the axis of revolution. 
This is shown in Fig. 8, where a 30-inch diameter open- 
structure solid plate lens for use at microwavelengths 
from 2.5 cm upward is portrayed. In this lens, aluminum 
plates are supported at the edges and spaced by an in- 
sulating member along the central planc. It has a focal 
length (f in equation (1)) of 30 inches, and an angle of 
tilt of the plates of 48.2 degrees, corresponding to an 
index of refraction ( in equation (1)) of 1.5. Because of 
its open structure, air can pass readily between the 
plates. 

A magnetic plane pattern of this lens is shown in Fig. 
9, and it is seen that the minor lobes are fairly well sup 
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Fig. \—Horizontal radiation pattern of the lens of Fig. 8 


pressed. .\ 3-inch diameter feed horn was used in this 
test and the wavelength was 3.3 cm. Because of the shift 
in energy distribution in the vertical plane as the waves 
pass through the tilted plates of the lens, the minor lobes 
in the electric plane are not as well suppressed as in the 
magnetic plane (Fig. 10). 

The continuous plate lens of Fig. 8 could be made 
lighter in weight by replacing the aluminum plates with 
copper foil sheets of proper contour, and then employing 
foam slabs as spacers and supports between the plates. 
Currents flow along lines lying in vertical planes, so that 
the lens could be sectioned vertically for assembly pur- 
poses in the case of large structures, 
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Fig. 10— Vertical radiation pattern of the lens of Fig. 8. 


COMPARISONS WITH EARLIER TYPES 


Because the path-length lenses function identically for 
all wavelengths longer than the second mode wave- 
length, the index of refraction remains constant up to 
this wavelength limit. There is thus no dispersion or 
change of index of refraction with wavelength, as in the 
case of the earlier conducting element delay lens when 
operated too near the resonant frequency of the ele- 
ments. If enclosed in a full horn shield, such a lens 
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should, over its entire operating range, possess an effec- 
tive area which is independent of frequency. It would 
thus constitute an extremely broad-band antenna. 

Since the index of refraction of the slanted plate lens 
depends only upon the tilt of the plates and not upon 
the plate spacing as in the first waveguide lens, construc- 
tional tolerances of this lens are even less severe than in 
the earlier lenses. Thus the number of plates could be 
doubled, if desired, without altering its performance in 
the original operating band. Also, flatness of the plates 
is not important, so long as the second mode spacing is 
not exceeded. The simplicity of design is brought out by 
observing that only 60 flat sheets cut to proper profile 
are required to duplicate the effectiveness of the several 
thousand elements of the 10-foot lens of Fig. 1. 

There are two disadvantages which the slant plate 
lens possesses. The first is that the lens plates must be 
held at the proper design tilt with respect to the feed 
horn (since the index of refraction depends upon plate 
tilt). This prohibits a lens tilt in the vertical plane un- 
less so designed, and limits the scanning ability of a 
moving feed in the vertical plane. The usual lens scan- 
ning capabilities are retained in the horizontal plane, 
however. The second is that the energy distribution in 
the electric plane is unsymmetrical, and results in a 
poorer minor lobe suppression in this plane. This latter 
disadvantage may not be serious in applications such 
as microwave repeater work, where lobes in the vertical 
plane are not as objectionable as lobes in the horizontal 
plane. 
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Mercury Delay Line Memory Using a Pulse 
Rate of Several Megacycles* 
ISAAC L. AUERBACHT, MEMBER, IRE, J. PRESPER ECKERT, JR.T, ASSOCIATE, IRE, 


ROBERT F. SHAWT, SENIOR MEMBER, IRE, AND 
C. BRADFORD SHEPPARD, MEMBER, IRE 


Summary—A mercury delay line memory system for electronic 
computers, capable of operating at pulse repetition rates of several 
megacycles per second, has been developed. The high repetition 
rate results in a saving in space and a reduction in access time. 

Numerous improvements in techniques have made the high 
repetition rate possible. The use of the pulse envelope system of 
representing data has effectively doubled the possible pulse rate; 


* Decimal classification: 621.375.25« KR 117.19. Original manu- 
script received by the Institute, December 15, 1948; revised manu- 
script received, March 4, 1949. 

t Formerly, Eckert-Mauchly Computer Corp.; now, Burroughs 
Adding Machine Co., Philadelphia, Pa. 

1 Eckert-Mauchly Computer Corp., Philadelphia, Pa. 


the use of crystal gating circuits has made possible the control of 
signals at high pulse rates; and a multichannel memory using a 
single pool of mercury has simplified the mechanical construction, 
reduced the size, and made temperature control much easier. 

The memory system described makes possible a significant in- 
crease in the over-all speed of an electronic computer. 


I. INTRODUCTION 
V | JHE MAJOR design problem in any high-speed 


electronic computer of advanced design is that of 
a memory, or storage device. Such a device must 
be capable of storing several hundred or more numbers 
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of, say, twelve decimal digits each. Furthermore, any 
one of these numbers must be available for use in the 
computing circuits within a time comparable to the time 
required for an elementary arithmetic operation. Al- 
though considerable research is being done on electro- 
static memories, in which information is stored in the 
form of charges on a dielectric medium, the delay-line 
type of memory is more highly developed at the present 
time, and is being used in several computers. Ina delay- 
line memory, information is stored in the form of groups 
of electrical or acoustical impulses or signals circulating 
in an electric delay line or medium suitable for transmis- 
sion of acoustic waves. 

A device capable of storing » pulses may also be con- 
sidered as storing » binary digits. The presence or the 
absence of a pulse in each of the n successive positions 
provides the coding necessary to represent binary num- 
bers. To represent a decimal digit, a minimum of four 
successive coded pulse positions is required. 

Acoustic propagation has a lower velocity than elec- 
tromagnetic propagation, so a proportionately greater 
amount of information can be stored in the acoustic type 
delay line than in the electrical delay line for a given de- 
lay bandwidth and attenuation. Where large storage ca- 
pacity is required, the acoustical line is preferred. Be- 
cause of the low velocity of propagation and the good 
impedance match between it and quartz, mercury has 
been selected as the acoustic delay medium. 


II. History 


One of the first applications of acoustic delay lines was 
in the Scophony television system,! where video signals 
were converted into acoustical wave patterns in a trans- 
parent medium. These signals were read out optically by 
making use of the Debye-Sears effect? which translates 
the strain pattern into a pattern of varying light inten- 
sity. 

This type of acoustic line was a nonregenerative or 
"delay storage" device. Further work on acoustic lines 
was done by Shockley at Bell Telephone Laboratories, 
who also used them as simple time delay devices. In 
1943, Eckert, then at the Moore School of Electrical 
Engineering at the University of Pennsylvania, carried 
on further development work under a contract from the 
Radiation Laboratory of the Massachusetts Institute of 
Technology. Eckert was the first to use mercury as the 
acoustic medium and the first to use nonreflective back- 
ings on the quartz crystal transducers. By this tech- 
nique it was possible to eliminate multiple storage due to 
reflections, and it was no longer necessary to use ampli- 
tude discrimination at the receiving end, as had been 
necessary in Shockley's lines. It also became possible to 
store patterns of pulses with relatively close spacing, in- 
creasing the amount of information per unit length, due 
to the greater bandwidth which the nonreflective termi- 


! V. K. Zworykin and G. A. Morton, "Television, " John Wiley 
and Sons, Inc., New York, N. Y., p. 254; 1940. 
? See p. 251 of footnote reference 1. 


PROCEEDINGS OF THE LRE. 


August 


nations provided. Once these things had been accom- 
plished, regeneration circuits were introduced to convert 
the delay device into a long-time dynamic storage de- 
vice. 

Work at the Moore School on delay lines had to stop, 
however, when work began on the ENIAC, the first 
large-scale all-electrouic digital computer. Further de- 
velopment in the field took place at the Radiation Labo- 
ratories.*-5 These subsequent studies included both liq- 
uid and solid media acoustic lines for use in range meas- 
uring circuits and MFI equipment. 

During the final construction of the ENIAC, how- 
ever, Eckert and Sheppard were able to return to the 
work on acoustic delay memories and eventually pro- 
posed this method for the EDVAC, a much improved 
electronic digital computer.® 

The proper choice of a backing material for the quartz 
crystals is one of the most important design problems of 
the mercury delay line memory. It was during the time 
when work was being done on the EDVAC that Shep- 
pard first used steatite as a crystal backing material. Un- 
til then the more practical choices were steel, air, and 
mercury. Steatite, it was found, gave a wider bandwidth 
than stecl or air because there is a lower coefficient of re- 
flection between it and quartz. The mercury-backed 
crystal had a higher capacitance than that with air 
backing, and further, this mounting subjected the crys- 
tals to breakage due to hydrostatic pressure of the 
mercury, and due to the method of mounting the thin 
crystals. 


IH. THEORY 


Delay line circulating memories have one common 
characteristic: an inevitable distortion of the circulating 
pulses. The pulses will be distorted in shape, anda timing 
shift will occur after each circulation. The shape distor- 
tion is due to attenuation, dispersion, phase distortion, 
and other less important practical considerations. If the 
shape distortion were not corrected, the pulse groups 
would lose their identity after a very few circulations. 
The timing shift arises through small errors produced in 
the temperature control system, changes in the length of 
the mercury column due to expansion and contraction, 
and the inaccuracy of construction which may give to 
different channels slightly different lengths. If the tim- 
ing shift were not held within limits, it would be difficult 
to select a specific group of pulses from the several circu- 
lating in a single channel. Additional difficulties would 
arise in the arithmetic circuits, since timing synchronism 
is essential for proper operation. If the operation of the 


line is to be successful, both distortion and timing shift 
must be corrected. 


_ ! *A Theory of the Supersonic Delay Line," Rad. Lab. Report 
No. 733. A 
3 dS Pene iian Belay Tank,” Rad. Lab. Report No. 791. 
n the Theory and Perf. „iqui ' Lines,” 
Rad. Lab, Reborn aren: erlormance on Liquid Delay Lines, 
M Pica Report on the Edvac," University of Pennsylvania, 
Moore School of Electrical Engineering, June 30, 1946. i 
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The actual processes for correcting these variations 
may be thought of in two different ways. The terms “re- 
shaping" and “retiming” impiy that each pulse, as it 
emerges from the line, is sharpened to its original shape 
and shifted in time so that it coincides with some stand- 
ard timing pulse. It is equally possible to think of the 
distortion correction process as being one in which each 
pulse, as it emerges from the line, is used to operate a 
gate circuit which, upon opening, allows a new standard 
timing pulse of the proper shape to enter the acoustic de- 
lay line. In this sense the old pulse containing some small 
error in time, and having been broadened by its passage 
through the memory channel and its associated ampli- 
fiers, is finally used to hold the gate open for the new 
timing pulse. Each recirculation therefore uses a new 
pulse gated into the line by the previous pulse. If no 
pulse is present in any given position, the gate circuit 
will suppress the standard timing signal. 


ACOUSTIC DELAY REGISTER FOR 
UNIVAC MEMORY SYSTEM 


ELECTRO-ACOUSTIC DELAY LINE 


AND DET. 


OUTPUT 
GATE CONTROL GATE 
VOLTAGES 
INPUT BUS OUTPUT BUS 
Fig. 1 


Fig. 1 shows a block diagram of a typical memory 
channel. Pulses from the input bus enter the recircula- 
tion circuit through the input gate if an input gating sig- 
nal is supplied. These pulses then gate timing pulses 
through the pulse reshaper or clock gate. The output of 
the clock gate feeds the driver, which is simply a power 
amplifier. Upon leaving the amplifier, the electrical 
pulse is applied to a quartz crystal transducer at one end 
of the mercury column, causing the transducer to pro- 
duce an acoustic pulse in the mercury. The acoustic 
pulse then travels through the mercury with the velocity 
of sound in that medium. Because of the bandwidth lim- 
itation of the mercury tank, the acoustical pulse, after 
conversion into an electrical signal, has become a wave 
packet. After being amplified in the band-pass amplifier, 
the signal is rectified by the detector. The band-pass 
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amplifier has a center frequency comparable to the 
crystal frequency and a bandwidth of several megacy- 
cles. The bandwidth limitation of the amplifier further 
broadens the wave packet. The output of the detector 
is a signal whose shape is that of the envelope of the 
wave packet. This signal, after passing through the re- 
circulation gate, is used to gate a new timing pulse 
through the clock gate. The process is repeated indefi- 
nitely, unless the line is cleared by interrupting the re- 
circulation path or a power failure occurs. 

The two most important considerations of such a 
memory device as is here described, are the amount of 
information which it can store and the average length 
of time needed to remove or insert a given group of 
pulses. The waiting or latency time, often called the ac- 
cess time, directly affects the speed of operation of the 
computer. On the average, the access time will be one- 
half the recirculation time. It is as probable that a group 
of pulses will be desired just after they have entered the 
memory channel as it is that they will be desired just as 
they are about to emerge. In view of the access time 
consideration, several short channels are to be preferred 
over a few long ones. 

The capacity of a delay line memory is determined by 
the length of the column and the repetition rate of the 
pulses circulating in the memory. Increasing either will 
increase the capacity, but it has already been pointed 
out that column length should be kept short in the inter- 
ests of access time. Therefore, larger memory capacity 
should preferably be achieved through increased repeti- 
tion rate. Considered in another way, a higher repetition 
rate will, for a given number of pulses per channel, re- 
duce the access time because this number of pulses can 
be put in a shorter length of column. Any shortening of 


the access time makes it reasonable to increase the speed 


of performing arithmetic operations within the com- 
puter. 

An important factor in determining the maximum 
repetition rate is the dispersion or phase distortion re- 
sulting largely from the effect of the walls of the tubes 
containing the mercury column. Such effects are greatly 
minimized by making the diameter of the column large 
compared to the crystal diameter and compared to the 
wavelength. Using crystal frequencies of about 15 Mc, 
this is not difficult, but still would result in a rather 
bulky memory assembly if the number of columns were 
large. It has been found, however, that a common pool 
of mercury can be used for a number of memory chan- 
nels. The acoustical waves are so directional that each 
crystal affects only the one directly opposite it; and cross 
talk between channels can easily be held to two or three 
per cent with columns long enough to store over a thou- 
sand pulses per channel, particularly, if stainless steel 
tubes or “liners” such as those shown in Fig. 4 are used 
to isolate some channels from their neighbors. 

The attenuation in the mercury has been found to be 


a 0.0013f? + 0.9/fd?, 
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where 

« is the attenuation in db per hundred microseconds 

of delay 

f is the frequency in megacycles 

d is the column diameter in inches. 
Having made the second term negligible by using a large 
column diameter, one is still faced with the problem of 
frequency discrimination. The bandwidth required de- 
pends only on the repetition rate of the pulses; by in- 
creasing the center frequency of the pass band, the 
variation of a over a given bandwidth can be decreased. 

If effects of dispersion and attenuation are minimized, 
as described, the chief limitation on bandwidth is the 
electromechanical coupling characteristic of the crys- 
tals. The response is proportional to sin? $/$, where $ is 
the ratio of impressed frequency to crystal frequency, 
and the distance between the half-power points Af 
—0.66f., where f. is the crystal frequency, assuming 
proper acoustic termination." To find the required band- 
width for transmission of the wave packets, it will be 
assumed that the crystal frequency is made equal to 
about three times the maximum pulse repetition rate; 
it is then reasonable to use the Fourier transform of the 
envelope of the packet to obtain the frequency spec- 
trum. Assuming an envelope having the shape of the 
probability curve, given by ' 


e(t) 


Cinax 


- 180. 


the envelope of the corresponding frequency spectrum 
is given by* 
et f) 1.146 
Emax T 


EEU for, 


where fo is the width of the pulse packet at half voltage, 
T is the time between packets, and f, is the frequency of 
the waves making up the packets. The distance between 
half-power points on the above frequency spectrum is 
0.61 f,. The over-all bandwidth of the tank and amplifier 
should be a small amount greater than this to obtain the 
desired packet width at the detector, when the input of 
the tank is driven with a pulse having relatively rapid 
rise and slow fall. 

Under the conditions just described, the detector out- 
put will drop to about 15 per cent of its maximum value 
between two pulses which are separated by a space, but 
will not drop at all (in fact, will rise slightly) between 
two adjacent pulses. Such a situation is somewhat un- 
conventional in a pulse transmission system, but it will 
be recalled that the output pulses are not permitted to 
re-enter the line, but are only used to gate timing pulses. 
Therefore, if the latter are themselves sharp enough, it is 
only necessary for the output signal to be above or below 


? See sections, 2, 5, 3, and 5, respectively, of footnote references 
3-5, 

* G. A. Campbell and R. M. Foster, “Fourier Integrals for Prac- 
tical Application," Bell System Monograph B-584; 1931, 
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the critical gating level by a safe amount in order to pass 
or reject a timing pulse. The gating signal can therefore, 
if necessary, retain its full amplitude for a number of 
pulse times if it represents an unbroken sequence of 
pulses, only dropping below the critical level when it is 
necessary to reject one or more pulses. Such a represen- 
tation of pulse signals is known as a “pulse envelope" 
system, and can be shown to result in a reduction by a 
factor of two in the bandwidth requirements for trans- 
fer of a given amount of information per unit time. 


IV. CONSTRUCTION 


Further details of the mercury tanks are shown in 
Figs. 2, 3, and 4. Fig. 2 shows the construction of the 


CRYSTAL MOUNTING DETAIL FOR 
ACOUSTIC DELAY REGISTER 
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crystal mounting. The ceramic support is silvered: one 
surface of the crystal is silvered, and the two are soldered 
together. The silvering is carried around the support to 
provide aconnection to the back electrode; the mercury 
itself forms the front electrode. The support provides 
the proper acoustic termination for waves from the rear 
surface of the crystal. A threaded brass retaining ring 
and elastic washer hold the crystal support in the end 
of the mercury tank. Fig. 3shows three crystals mounted 
on their steatite supports. Í 


Fig. 3 


Vig. 4 shows the various components of an 18-chan- 
nel tank. The end cells into which the crystal mountings 
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fit are shown at bottom left and right, surrounded by 
mounted crystal, retaining bushings, and short coaxial 
connectors which are used between crystal element and 
recirculation chassis. The mounted crystals fit into the 
holes in the end cells and bear against retaining plates 
having holes slightly smaller than the crystals; these 
plates are shown just below the tank cylinder, with the 
liners used to reduce cross talk. Above the cylinder are 
tie rods which hold the assembly together, and at the 
right is one of the supports which center the assembled 
tank inside the outer jacket. The components at bottom 
center form an expansion chamber for the mercury. All 
metal parts in contact with mercury are made of a spe- 
cial stainless steel. 


The outer surface of the cylinder will be coated with 
insulating resin and wound with resistance wire, which 
serves as a heating element. The latter is part of a tem- 
perature control system which keeps the repetition rate 
of the pulses in synchronism with the clock or timing 
pulses. Here we note another advantage of the common 
mercury pool over a group of separate tanks: it is now 
easy to keep the temperature of all channels uniform. In 
the proposed designs of some previous computers, com- 
pensation for changes in mercury temperature was made 
by varying the clock frequency through a reactance 
tube. Now, because of the ease with which the mercury 
temperature can be controlled, it becomes possible to 
revise this procedure and use a crystal-controlled oscil- 
lator in the clock, which in turn controls the mercury 
temperature, and hence controls the circulation time of 
the tanks. This greatly simplified the problem of keeping 
all parts of the computer in synchronism, and in particu- 
lar makes it easy to use a single clock to control two 
computers. The latter arrangement is valuable in cases 
where it is necessary to provide continuous checking of 
results by intercomparing the operation of the two com- 
puters. 


Fig. 5 is a block diagram of the temperature control 
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system. One channel in the multichannel tank is re- 
served as a temperature control channel. By means of a 
frequency divider, the timing pulse frequency is divided 
down to produce a series of pulses having a repetition 
rate corresponding to an integral submultiple of the to- 
tal number of pulses stored in the tank. This submulti- 
ple is ordinarily made equal to the number of pulses in 
each number stored in a tank; for example, if each num- 
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ber requires 50 pulses to represent it, the basic pulse rate 
is divided by 50. Division is accomplished by means of 
an electric delay line with a single pulse circulating in it. 
This technique yields a large division ratio of precision 
equal to that obtained by a successive division, using a 
number of multivitiators or blocking oscillators in cas- 
cade. The pulses from the divider, which we may think 
of as corresponding to the last pulse in each number, are 
referred to as p0 pulses. They are supplied to the input 
gateof the temperature control channel and also, through 
the mercury line and a delay flop, to the output coinci- 
dence gate. Timing pulses are also applied to these gates 
to increase the accuracy of temperature control. This 
technique results in an over-all temperature control of 
+0.3° absolute. 

If the capacity of a memory channel is, say, twenty 
12-digit numbers, and the delay is accurately adjusted, 
then any p0 pulse entering the input will, after going 
through the line, coincide with the twentieth subsequent 
£0 pulse at the output gate. If the temperature is a little 
too high, however, the pulse through the line will arrive 
too late and fail to gate the twentieth following pulse. If 
the temperature is correct, the pulse from the line will 
have just reached half amplitude when the timing pulse, 
as gated by the twentieth following pulse, arrives, and 
the gate will produce an output pulse of intermediate 
amplitude. Finally, if the line is too cold, the pulse 
through the line will arrive too soon; ordinarily it would 
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again fail to gate the twentieth following pulse, but 
if it is used to trigger a delay flop, the effect is to pro- 
duce a pulse of maximum amplitude at the output of 
the gate. Thus the effect of the circuits shown is to 
produce an output signal whose amplitude is propor- 
tional to the amount of heat which should be supplied 
to the line to assure perfect synchronism. The gate out- 
put is fed to a peak detector to smooth out the pulse 
signal into a continuous signal which, after suitable 
amplification, controls the current to the heater coil 
around the tank. 

A similar effect could have been achieved by using an 
average detector whose output is proportional to the 
amount of overlap of the p0 pulse and the signal from 
the line. Because of the low duty cycle, however, the de- 
tector output would be small and would require a con- 
siderable amount of amplification. The circuit used, giv- 
ing an output whose amplitude varies in accordance 
with the relative position of a standard pulse and the 
relatively gradually sloping front of the signal from the 
line, in combination with the peak detector, gives a sig 
nal which requires little amplification. 


Fig. 6 


Fig. 6 shows the outer cylinder mounted between its 
supporting end castings and surrounded by terminal 
boards to receive the plug-in recirculation chassis. The 
space between inner and outer cylinders is filled with 
santocel, a good thermal insulator. The radially disposed 


i & € 
piaui ae a 


holes near the ends of the cylinder receive the short co- 
axial connectors shown in lig. 4. 

In the plug-in recirculation chassis shown in Fig. 7, 
the four tubes at the left are the band-pass amplifiers, 
type 6AKS. These are followed by a detector using ger- 
manium crystals, and an AVC circuit. The latter fea- 
ture is essential to compensate for changes in gain due 
to tube aging. A 50C5 amplifies the detector output sig- 
nal and applies it to the output and recirculation gates; 
the recirculation and input gates feed another 50C5 
which drives the clock gate. Timing pulses from the mas- 
ter oscillator are fed to the other input of this gate. 
Finally, the output of the clock gate is fed to a 50€5 
driver which applies the reshaped and retimed signals to 
the crystal at the input end of the mercury column. 

All gating is done by means of germanium diodes, 
which, because of their low forward impedance and small 
shunt capacity, are useful for gating operations at high 
pulse rates. The gating circuits are shown in Fig. 8. 
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Crystals which are normally conducting are shaded. The 
load resistors and the voltages to which they are con- 
nected are so chosen that the signal developed across the 
load resistor will not be sufficient to actuate the follow- 
ing circuit if only one of the crystals is conducting. How- 
ever, it will actuate the following circuits if both crystals 
do not conduct. For example, an input signal will cut off 
current in the right-hand crystal of the input gate and 
cause somewhat less voltage drop across the load re- 
sistor, but the resulting signal will be of insufficient am- 
plitude to cause the lower buffer crystal to conduct, un- 
less a gate signal is simultaneously applied to the left- 
hand crystal of the input gate. The gates are not ampli- 


tude-sensitive in the usual sense, as input signals need 
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only have sufficient amplitude to cut off their respective 
crystals. 

Wave forms of the signals at various points in the 


system are shown in Fig. 9. The top curve shows the out- 
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put of the clock gate as it is applied to the grid of the 
driver tube. Below is the voltage developed by the out- 
put crystal; it goes through about one and one-half os- 
cillations as a result of bandwidth limitations in the 
tank. 

The next curve is the output signal from the band- 
pass amplifier. In order to obtain adequate gain without 
too many stages, only sufficient bandwidth to pass a 
usable signal has been used; hence the amplifier intro- 
duces a noticeable amount of phase and amplitude dis- 
tortion. The lower curve shows the detector output volt- 
age; it is this signal which is amplified and used to gate a 
timing pulse, resulting in a signal of the form shown in 
the top curve in Fig. 9. 
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V. CONCLUSION 


This paper has reviewed the results of developmental 
study of the basic acoustic delay line memory. As a re- 
sult of this development, it was shown that it is possible 
to transmit and receive intelligence at the rate of 
5,000,000 binary digits per second. This is a considerable 
extension over previous telegraphic keying rates and is 
thus of interest in its relation to information theory. 

Of the various techniques employed to extend the use- 
ful frequency range of memory systems, the application 
of the pulse envelope system is probably the most sig- 
nificant in that it represents an important contribution 
to the concept of transmission of intelligence. Its impor- 
tance lies in the fact that it provides a simple means of 
increasing the effective bandwidth of a transmission sys- 
tem without the necessity for a corresponding improve- 
ment in the characteristics of the components of the 
system. Another contribution was the application of 
germanium crystal gating circuits which permitted the 
effective control of signals at this high pulse repetition 
rate. The circuits developed in this work have found 
many other applications in the arithmetic and control 
circuits of computers. 

The use of a single pool of mercury for multiple chan- 
nels of information reduced the physical size of the whole 
memory system. As a result of the intimacy of metal 
contact between the channels, temperature gradients 
were greatly reduced, the temperature control problem 
was simplified, and synchronous operation of two com- 
puters for checking purposes facilitated. 

The acoustic memory described represents one of the 
first practical applications of techniques which have ex- 
tended the useful audio transmission range from its pre- 
vious limits of some 150,000 cps to a new present value 


-of 30 million cps or more. 


This paper has reviewed the several improvements 
that have been made which helped to extend the useful 
acoustic transmission range. 


er = 


CORRECTION 


A drafting error in the paper, “A Digital Computer for Scientific Applica- 
tions,” by C. F. West and J. E. DeTurk, which appeared on pages 1452-1460 
in the December, 1948, issue of the PROCEEDINGS OF THE I.R.E., has been 
brought to the attention of the editors by the authors. The error was made in 
Fig. 10, on page 1457, in which the signals feeding through 1N34 crystals to the 
grids of the indicated flip-flops should be transposed. 
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An Analysis of Magnetic Amplifiers with Feedback 


D. W. VER PLANCK1, M. FISHMANTT, ASSOCIATE, IRE, AND 
D. C. BEAUMARIAGET, STUDENT MEMBER, IRE 


Summary—-Two ways of obtaining feedback in magnetic ampli- 
flers are studied. One, termed external feedback, employs a bridge 
rectifier and separate feedback coils, while the other, termed self 
feedback, uses two rectifiers so disposed that separate feedback 
windings are unnecessary. Commutation of the rectifiers, apparently 
not considered heretofore, is shown to be of major importance. The 
calculated currents are confirmed satisfactorily, both in shape and 
magnitude, by experimental checks. The two feedback methods 
are compared, and it is found that self feedback is advantageous. 


INTRODUCTION 


SIMPLE magnetic amplifier consists of two iden- 
A tical single-phase transformers having one pair 

of similar windings in series with an ac source 
and a Joad, and the other pair in series with a dc source. 
A small direct current in the latter windings, through 
saturation of the cores, determines the inductive react- 
ance presented on the ac side and so controls the load 
power. This and similar types of magnetic amplifiers are 
treated in a companion paper! A more complex type 
achieves greater sensitivity through positive feedback 
or self-excitation schemes well known in practice.?-® The 
purpose here is to treat these feedback circuits more pre- 
cisely than has been done before. 

One way of obtaining feedback is shown in Fig. 5, 
which is derived from Fig. 1 of the companion paper! 
by adding a third set of windings N; to each core and 
connecting them to a bridge rectifier in series with the 
load. The mmf's produced in the feedback windings JV; 
reinforce those produced in the control windings Ni, so 
that a given average saturation is achieved with less 
control current than would be needed without feedback. 
This arrangement is identified here by the term “ex- 
ternal feedback.” 

A less obvious way of obtaining feedback is shown in 
Fig. 1, which is identical with Fig. 4 of the companion 


* Decimal classification: R363. Original manuscript received by 
the Institute, October 1, 1948; revised manuscript received, Feb- 
ruary 24, 1949. Presented, National Electronics Conference, Chicago, 
Ill., November 6, 1948. This work was done in part under Office 
of Naval Research Contract N6ori-47 Task Order V, and in part was 
submitted by M. Fishman in partial fulfillment of the requirements 
for the degree of doctor of science at Carnegie Institute of Tech- 
nology. 

1 Carnegie Institute of Technology, Pittsburgh, Pa. 

Tt Formerly, Carnegie Institute of Technology. 

! D. W. VerPlanck and M. Fishman, “An analysis of interlinked 
electric and magnetic networks with application to magnetic ampli- 
fiers,” scheduled to appear in an early issue of the Proc. I.R.E. 

2 E, C. Wentz, "Direct-current controlled reactor,” Electric Jour., 
vol. 28, p. 561; October, 1931. 

3 T. Buchhold, “Uber gleichstromvormagnetisierte Wechselstrom- 
drosselspulen und deren Rückkopplung," Arch. fur Elek., vol. 36, 
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pp. 273-278; 1947. 

* A. Uno Lamm, *Some fundamentals of a theory of the trans- 
ductor or magnetic amplifier," Trans. AIEE, (Elec. Eng.) vol. 66, 
pp. 1078-1085; 1947. 


paper,! except for the addition of a rectifier in series 
with each of the two load coils. During one half cycle 
the load current links one core and during the next half 
cycle the other, thus producing direct components of 
mmf which aid those produced by the control current, 
and so gives feedback without additional windings. The 
term "self feedback" is used for this circuit. 


Vig. 1— Magnetic amplifier employing self-feedback. 

Phe purpose here is to calculate the currents as func- 
tions of time under steady-state conditions for the self- 
and external-feedback circuits, and then to compare the 
two arrangements. 


METHOD OF ANALYSIS 


Fhe analysis is similar to that in the companion pa- 
per.! The simplifying assumptions are that: 


(a) The load is replaced by a short circuit, so that a 
sinusoidal voltage is impressed directly on the 
amplifier terminals; 

The control circuit is connected to a constant dc 

source having no impedance; 

(c) Steady-state conditions exist ; 

(d) Eddy currents and livsteresis are negligible, and 
the B-H relationship is given by the normal mag- 
netization curve of the core material; 

(c) Leakage fluxes are negligible, and the flux density 
is uniform throughout each core; 

(f) Coil resistances are very small, although not neg- 
lected entirely; and 

(g) Rectifier reverse resistances are infinite, and for- 

ward resistances are very small and constant. 


(b) 


Briefly, the procedure is to apply kirchhoff's voltage 
law to the electric network and solve for the magnetic 
fluxes in the cores; use the magnetization curve of the 
material to find the corresponding mmf's; apply Am- 
pere's law to each core to relate minf's and currents; 
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and, finally, solve for the currents. In doing this, it is 
necessary to account for commutation periods in which 
all rectifiers conduct simultaneously. 

As it is the simpler of the two arrangements to be 
studied, the self-feedback circuit is treated first. 


SELF-FEEDBACK CIRCUIT 


Referring to Fig. 1, and replacing the load by a short 
circuit, Kirchhoff's voltage law gives three equations 
represented in matrix form as 


Ea A Ni A 
* Pa 
Em cos wt =| Ne 0 T 
$s 
Em cos wt 0 —Ns 
2R, 0 0" i 
+ 0 Rs + R, 0 Y i2 (1) 
0 0 Ri + R, i3 


Mks units are used and the symbols are as shown in 
Fig. 1, with the addition that Ri and Re are, respec- 
tively, the resistances of each of the single windings Ni 
and No, and R, is the rectifier resistance equal either to 
a small and constant value or infinity, depending on 
whether or not the rectifier is conducting. 

When rectifier a alone is conducting, the positive pe- 
riod, only the first two equations of (1) are useful. Sim- 
ilarly, in the negative period, when b alone conducts, 
only the first and last of (1) apply. All three are useful 
in the commutation period when both a and 6 conduct. 

The fluxes are found by simultancous solution of the 
appropriate voltage equations, assuming that the re- 
sistance drops (and hence Eu) are negligible. Flux den- 
sities B, and Bz in the respective cores are then found 
by dividing the fluxes by the core area A. Each period 
must be treated separately but in each case the result 
is the same, namely 


Ba = Basin ot + Bo 
— B,, sin wt + Bo 


(2) 
(3) 


where B, =Ln/NwA. Bo, the average flux density in 
each core, to be determined, is the same throughout the 
cycle because the linkage of the cores by closed circuits 
of finite resistance prevents sudden changes of flux at 
the transitions between periods; also, considering sym- 
metry, it is clear that Bo is the same for each core. For 
the commutation period, only two of the three voltage 
equations are needed to determine the flux densities; 
the third equation is useful later. 

The field intensities are derived from the flux densities 
through graphical use of the magnetization curve, as in 
Fig. 5 of the companion paper.! In functional notation, 


By = 


^ the relationship is 


Ila 
Ilg 


IL CB, sin wt + Bo) 


H(— Bm sin ot + Bo). 
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The required mmf’s are, respectively, LH, and Lis 
where L is the mean length of core. Then, applying 
Ampere’s law, two equations result which in matrix 
form are: 


kd r h | 
Asc sits ce (IO. DUI | LIT. | " 
Ne 1 s= RS 
Na 0 o Na | | f H Lils | ( )) 
13 


In the positive and negative periods, îs and 2? are respec- 
tively equal to zero, and the remaining two currents are 
found directly as shown in Table I. 


TABLE I 


EXPRESSIONS FOR CURRENTS IN AMPLIFIER 
WITH SELF-FEEDBACK 


Period 


Currents 


i= LHp/. 
i= L( Ha —Hp)/No- 


137 
fad LUIS — Hag) / Ns. 
| n= WL Hat Hp 2+ MV NEE) a 
i [kL Ha — g)/2+LHa—Mih |/N2(1+k') 
tas [E LUI — Hp) /2 —LHpt+ Nils |/N2(1 +’) 
iatis= LUIS — Hag) / N2 
41=LHa/M 
Negative 19-0 
is = L(Ha — Hg)/ Na 
4-5 7 L(Ha — Hg)/ Ni 


Positive 


Commutation 


In the commutation period all three currents have 
values, and so an additional equation is needed. This is 
obtained by eliminating the rates of change of flux from 
(1) but without neglecting the resistance drops. This 
equation and (6) are solved simultaneously, with the 
results shown in Table I. In these expressions, 


qu NU UE " 
= -= — t s 
b ET Je f. PUN B 
the average (dc) value of the control current, and 
7 N, : Rs + R, 
k =(—}) ——- (8) 
Na Ri 


'Thus, as in circuits with parallel-connected load coils,! 
resistances determine the currents when the mmf can be 
supplied in part by currents in either of two paths, even 
though the resistances may be negligible in other re- 
spects. Here the two paths are the control circuit and 
that through the two load coils and two rectifiers in 
series in the forward direction. 

Although expressions for the currents have been de- 
rived for all periods of the cycle, the average flux density 
Ba, which enters all of the expressions, and the times of 
transition between periods have not been found. To 
determine these unknowns requires a graphical trial 
and error process, illustrated in Fig. 2, and consisting 
of the following steps: 

(a) A value of Bo is assumed. 
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(b) The «enters of the commutation periods are 
located by plotting Na(is+4,), which, as is indi 
cated in Table I, is independent of transition 
times. 

(c) As a first trial, commutation is assumed instan 
taneous and Nyt, is plotted using the expressions 
in Table I for the positive and negative periods 
(positive and negative referring to the sign of 
124 4) and continuing the plots to their inter 
sections as shown by (1) in Fig. 2. 

(d) The average control excitation Nih, defined by 
(7), is found from the area under NM, as plotted 
in (c). 

(c) The value of NI, from (d) is used to obtain a 
second approximation to Nyt, in the commuta 
tion period, (2) in Fig. 2. 
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Fig. 2—Successive approximations to Nyt, and the limits of the com 
mutation period. The first three approximations to Nin and the 
correct value are shown by 1, 2, 3 and 4, respectively. 


N,- 500 turns Ri- 35 ohms 
N,=4000 turns R;=190 ohms 
Ea —140 4/2 volts R,- S0ohins 


w= 2x60 sec-! 
L=0 18 meters 
A=4.2X10 * (meters)! 


This leads to a new value of NV, which is used to cor- 
rect Nit, and so on. The process converges rapidly, the 
fourth approximation to N,7, in Fig. 2 being essentially 
correct. Thus the transition times are located, and the 
currents are completely determined for the assumed Bo. 
If the problem must be solved for a specified 7,, a suc- 
cession of values of Bo are tried until the one correspond- 
ing to the desired 7, is found. 

Experimental checks are given in Figs. 3 and 4, which 
are for the circuit parameters of Fig. 2 and for the mag- 
netization curve shown in the companion paper.! Fig. 3 
compares calculated currents (plotted as ampere-turns) 
with points measured from oscillograms for the same 
conditions as Fig. 2. Fig. 4 compares calculated and 
measured external characteristics over a range of N,/, 
with other quantities fixed at the values of Figs. 2 and 3. 
The load current 5£;d-£, was measured with a rectifier- 
type ammeter, and calculated from areas under curves 
of instantaneous currents like that in Fig. 3. 
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characteristic curves for the self feedhach cieu, Pig L Crem 
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EXT kar. FELDBACK CIKCUIT 


In the circuit with eternal feedback, Fig. 5, again 
one must consider three pertods: the positive period, 


E, cos et 


LOAD 


Fig. 5— Magnet amphber employing eternal feedback 
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when rectifiers aa alone conduct; the negative, when 
bb conduct; and commutation, when all four conduct. 

For the control circuit one voltage equation applies 
throughout, namely, 


Ea = Nilba + ġe) + 2Riüs. (9) 


During the positive period, 1;=%2, and the voltage 
equation for the load circuit is 


Em cos ot = (N3 + Nijha + (Na — N2)¢9 


+ 2(Ro + Ra + R)is. (10) 


In the negative period, 2; — —%2, and the voltage equa- 
tion may be obtained from (10) by changing N; to — Na. 

For the commutation period, (10) is replaced by two 
voltage equations: one for the loop through the gener- 
ator, the coils Ns and either pair of rectifiers ad, 


Em cos wt = Nolba — ġa) + (2R2 + Rj)ís, (11) 


and the other for the loop through the coils N; and a 
pair of rectifiers ab, 


0 = Ns(ós + $s) + (2Ra + R)s. (12) 


Simultaneous solution of the appropriate voltage 
equations for each of the periods results in expressions 
for the flux densities B, and Bg in the respective cores 
identical with (2) and (3) for the self-feedback case, ex- 
cept that here B,,=E,,/2NwA. As in the previous case 
the field intensities are given by (4) and (5). 

The mmf conditions in matrix form are: 


i 
NUT NED SENS TRIES Lila 
| Ji i| = | . (13) 
| Ni — Ns N: | | LH, 
13 


For the positive and negative periods, 7g is equal respec- 
tively to +2, and —i;, and (13) may be solved for the 
currents. For the commutation period, it is necessary 
to get another equation from the voltage conditions, as 
in the self-feedback case. Doing this, the currents in all 
three periods are found readily, as shown in Table II. 
Here J, is defined exactly as in (7), and 


p= (=) 2R; + R, 
N: 2R 


TABLE II 


I-xPRESSIONS FOR CURRENTS IN AMPLIFIER 
WITH EXTERNAL FEEDBACK 


(14) 


Period Currents 
ne i= L[(1 — Ny No) a+ (1+Ns/ N2)Hg])/2 Ns 
Positive t -LÍHs-—I3]/2N: 
ok 
| a= (RL (Hat+Hp)/24+ Mh NO +k”) 
Commutation | #=L[Ha—Hg|/2Ns 
| 8T Et Hoy 27 Nn NO 
] heL NN), (1 — N/N) la )/2N, 
Negative t7 LIT, —H5]/2Ni 


aan 
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The limits of the commutation period and the relation 
between By and J, are found by trial, as explained for 
the self-feedback case. $ 


Niti 


AMP TURNS 


NU 


Fig. 6—Calculated excitation curves for the circuit of Fig. 5, showing 
the effect of varying the number of feedback turns while keeping 
the total amount of copper in feedback and control windings con- 
stant. 


Fig. 6 and Table III show an application of the fore- 
going analysis of the magnetic amplifier with external 


TABLE III 


EFFECT or FEEDBACK TunN RATIO ON CONTROL POWER 
REQUIRED FOR A PARTICULAR CASE 


“N/M | NAR. | NAR | Muh | R= (NBN) 


| 
18,400 | 0 
| 


o | 8&- | 0.39 
1.0 3,400 | 15,000 | 25 0.18 
1.2 18,000 1.4 | 0.0049 
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feedback. The purpose is to show how varying the feed- 
back turns affects the control excitation and power. 
The load windings Nz, the magnetic quantities Bm and 
Bo, the ac voltage, and the load current remain the same 
throughout. That is, conditions on the ac side are iden- 
tical for the three cases shown. The total amount of 
copper in the control and feedback windings together is 
kept fixed by holding the quantity (N32/ Ry 3- NS? / R3) 
constant, but the distribution of copper between these 
windings is varied. Forward resistances of the rectifiers 
are neglected in these calculations. The last column of 
Table III shows how greatly the power which must be 
supplied by the control source can be reduced in this 
particular case by using feedback. These results, how- 
ever, must be viewed with some caution, because an- 
other effect of high feedback may be to cause the ampli- 
fier to become unstable. The present analysis is also use- 
ful in the study of stability. 


COMPARISON OF SELF- AND EXTERNAL FEEDBACK 


In comparing the self- and external-feedback circuits, 
Figs. 1 and 5, one must note that the latter is more 
flexible in that there may be various amounts of feed- 
back, depending on the number of turns Ns. The com- 
parison, therefore, is made on the basis that the feed- 


866 


back and load coils in the external-feedback circuit are 
equal; that is, 
Na = No (15) 
R; = Ry. (16) 


With this condition, Tables I and II show that the ex- 
pressions for control currents in the two cases and for the 
load currents (iz and 42+73, respectively) become identi- 
cal if 


ki = ok" (17) 
A = Ni" (18) 
Ny = 2N,” (19) 


where single primes are used for self-feedback quanti- 
ties and double primes for external feedback. The cur- 
rents actually will be identical if L, Ha, and IJ, are the 
same in the two cases. This identity will exist if core 
dimensions and material are identical, and impressed 
ac voltages and average values of control current 7; are 
the same. 

Having established these conditions for identity of 
magnetic conditions and of external currents in the two 
cases, it follows that 


R? + R’ = 202 Ry + R,”), » (20) 


provided that 
Ri = R”. (21) 


With these relations between resistances and the 
other conditions of equivalence, it is found, using the 
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expressions for the currents in Tables I and I, that the 
iR losses in the control windings are the same at every 
instant, and similarly in the load and feedback windings 
and the rectifiers taken together. Thus the performance 
of the two arrangements will be identical in all respects 
under the conditions set. Examination of the relations 
between resistances and numbers of turns shows, how- 
ever, that external feedback requires twice as much 
copper in the load and feedback coils together as is 
required in the load coils of the self-feedback circuit. 

Thus, for equivalent performance, the self-feedback 
arrangement, Fig. 1, can be made smaller than that 
employing external feedback, Fig. 5, and is therefore 
superior provided that the feedback turn ratio N3/.N; 
desired is unity. For greater feedback turn ratio, a com- 
bination of the arrangements is indicated; rectifiers be- 
ing provided as in Fig. 1 to give most of the feedback 
effect, and booster windings like N; in Fig. 5 being 
added to supply additional feedback as desired. 


CONCLUSION 


Two well-known methods for obtaining feedback in 
magnetic amplifiers have been analyzed quantitatively, 
with results that are checked closely by experiment. 
The analysis has been used to show quantitatively how 
feedback reduces the control excitation requirements 
and to compare the two feedback arrangements. 

The analysis takes account of commutation, or simul- 
taneous conduction of the rectifiers, a phenomenon 
which does not seem to have been considered so far, 
although it may have been observed? 
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Part II 
OPERATION 


Summary—This is the second part of a paper on the design, 
construction, testing, and operation of electrical networks capable 
of obtaining solutions of the wave equation in both two-dimensional, 
axially symmetric, cylindrical co-ordinates and rectangular co-or- 
dinates. The circuit yields information on TEM, 7M,,(n) and 


* Decimal classification: R143XR202. Original manuscript re- 
ceived by the Institute, October 19, 1948; revised manuscript re- 
ceived, February 2, 1949, Presented, 1948 IRE National Convention, 
New York, N. Y,, March 25, 1948. This paper reports work on a pro- 
gram sponsored by the Office of Naval Research under Contract 
N6onr-251, Task Order 7. 

1 Office of Naval Research, Washington, D. C. 

1 Dalmo Victor Co., San Carlos, Calif. 

$ University of California, Los Angeles, Calif. 


TE nn) modes of concentric lines, waveguides, and resonators. 
Field plots of electric- and magnetic-field configurations are directly 
available, and resonant frequencies of cavities, equivalent imped- 


ance, reactance characteristics, Q, and propagation characteristics 
can be determined. 


INTRODUCTION 


N PART I, the general theory, design, and construc- 
tion of two network analyzers for solution of the 
wave equation in both two-dimensional, axial sym- 

metric, cylindrical co-ordinates and rectangular co-or- 
dinates were discussed. This section will deal only with 
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the testing and general use of the networks. These net- 
work analyzers have been used at Stanford University 
for about two years, and have been found to be very 
helpful in the general solutions of field problems. The 
applicability of the network has been well established 
by comparing numerous results with known cases. The 
various boundary conditions that must be met and their 
apparent position in respect to the network are dis- 
cussed. Techniques for testing and solving special prob- 
lems, such as resonator characteristics, obtaining of 
field plots, and the measurement of shunt resistances 
and Q, are presented. 


IV. NETWORK ADJUSTMENT 


A. Tuning the Cylindrical-Co-ordinate Network 

The only tuning involved on the network is that of 
adjusting the trimmer capacitors. The inductances can 
be assumed to be correct from their original calibra- 
tion. In tuning the capacitor, it was found that the most 
accurate method of adjusting the capacitors was a 
resonance-substitution method applied to each ca- 
pacitor individually. Since the capacitance values vary 
with radius, this involves a number of different adjust- 
ments consuming considerable time. A careful adjust- 
ment of all the network capacitance values requires ap- 
proximately two man days of work. 


B. Tuning the Rectangular-Co-ordinate Network 


Similarly with this network, the only adjustment is 
that of the capacitance values. The uniformity of his 
network makes these operations relatively simple. 

Methods were developed for checking both continuity 
in coils and adjusting capacitor values which did not re- 
quire that any coils be unplugged from their operating 
positions in the clips. 

Adjustment of capacitance values was facilitated by 
the fact that the coils uniformly had a natural resonant 
frequency of 2 Mc. At this frequency, they exhibited a 
very high resistance compared to the proper value of 
capacitive reactance. Accordingly, a special coil was 
designed to be clipped across the capacitors and to be 
resonated with the proper value of capacitance at 2 Mc. 
Resonance was indicated with a Measurements Corpo- 
ration Megacycle Meter. By this method, it was pos- 
sible to adjust all the capacitances to a high degree of 
accuracy in approximately one-half man day. 


V. UsE oF THE NETWORKS 
A. Use of the Cylindrical Network 


1. Determination of Cavity Resonant Frequencies. The 
determination of the resonant frequencies of cavity 
resonators is relatively simple. A scaled outline of the 
cavity is set up on the network by opening the circuit 
at the boundary corresponding to the cavity walls for 
T M, modes and shorting capacitors to ground for TEo 
modes. The network is then excited from a variable-fre- 
quency oscillator, and the frequency of oscillation varied 
until a resonance is obtained. Excitation of the network 


is achieved by simply connecting the ground plane and 
an arbitrary point of the network lattice to the oscil- 
lator through a high series resistance (100,000 ohms) 
simulating very loose coupling. Coupling may also be 
had inductively by a coupling loop in the vicinity of 
one of the network coils. It should be borne in mind that, 
for a given boundary condition, i.e., either open or short 
circuit there will be revealed resonances of the cor- 
responding mode type only; i.e., TMo and T Ee, respec- 
tively. It should also be borne in mind that the cor- 
responding edge of the field is different for the two 
types of boundary conditions. When the conductor is 
represented by an open circuit, the effective field bound- 
ary is very nearly one-half section beyond the capacitor 
at which the network is opened. For the short-circuit 
type of boundary, however, the effective edge of the 
field is at the short. These end corrections are the same 
by test for either radial or longitudinal boundaries with 
the cylindrical-co-ordinate network. A similar end cor- 
rection applies to the rectangular-co-ordinate network. 

2. Resonator Tuning Curves. Resonator tuning curves 
as one dimension of a cavity is varied are obtained by 
the method related in the previous section. It is only 
necessary to record and plot resonant frequency as a 
function of the corresponding cavity dimension. A 
curve of resonant wavelength versus cavity length for a 
concentric-line resonator is shown in Fig. 6. This figure 
exhibits several groups of curves for different modes 
and different ratios of radii in the concentric-line por- 
tion. The curves have been extended to allow the 
plunger to protrude into the end space of the resonator. 

3. Cylindrical Cavity Field Plots. For cylindrical TEM 
and TM, modes, the modes of usual interest, complete 
magnetic- and electric-field plots are obtained from the 
junction voltage-to-ground data at network resonance. 
Since voltage to ground corresponds to magnetic field 
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Fig. 6—Resonant wavelength of a loaded concentric-line resonator 
as a function of length. 
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multiplied by radius, it is only necessary to divide 
voltage values by the radius to get the relative magnetic 
field. : 

A type of electric-field plot is given directly by con- 
tours of constant network voltage to ground. Such con- 
tours have the direction of electric flux lines. Flux den- 
sity is, however, given by line density of the voltage 
contours divided by radius. While this has not been a 
common convention for plotting electric flux fields, it 
should be pointed out that it is the only correct con- 
vention for cylindrical geometries which permits the 
use of continuous lines when such lines are not all parallel 
to the axis. In working with the network it has been 
found desirable to use the above convention exclusively 
because, in the first place, it is the only consistent con- 
vention which can be used for general field configura- 
tions, and, in the second place, such field plots are given 
directly by contours of constant voltage on the network. 

The reason for the above relations is seen from equa- 
tions (7) and (8) in Part I. Here it is seen that the elec- 
tric flux density multiplied by radius is a vector whose 
magnitude is proportional to the gradient of rI (hence 
of network voltage to ground), and whose direction is 
normal to the gradient of r//, (or network voltage). 
Since the direction of the electric flux is normal to the 
gradient of r//, (network voltage), which, in turn, is 
normal to the contours He (network voltage), then the 
electric flux has the direction of contours of constant 
rll, (network voltage). Since the gradient of r/J, (net- 
work voltage) is proportional to electric field multiplied 
by radius, then the electric flux density is given by the 
density of lines of constant z//, (or network voltage) 
divided by the radius. 


Fig. 7—Electric-field plot for a re-entrant cavity resonator 
operating on a three-quarter wave mode. 


Shown in Fig. 7 is an electric-field plot of a three- 
quarter-wave resonance in a concentric-line resonator, 
drawn according to the convention given above. An 
interesting feature of higher-order modes, not ordinarily 
appreciated but revealed here, is the fact that, whereas 
with higher-order TEM and TMo modes there is always 
a nodal surface of magnetic field, there need not be a 
true nodal surface of electric field. There will, however, 
always be a pseudo-nodal surface of electric field which 
can be drawn through a point of zero electric field, 
which will always exist in such a way that no power is 
transmitted across this surface and such that, if the sur- 
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face were replaced by a conductor, the two resonators 
thus created would have field configurations like por- 
tions of the orginal and would resonate at the same 
frequency as the entire cavity. The “nodal” surface of 
electric field having these properties is shown by a 
dashed line in Fig. 7. 

4. Determination of Shunt Resistance and Q of Cylin. 
drical Cavity Resonators, The c ylindrical-co-ordinate net- 
work can be used to measure the shunt resistance and 
Q of cavity resonators directly. The details of the 
method of measurement and a discussion of some re- 
sults obtained by its application will be given in a sub- 
sequent paper.? In this paper there will only be given a 
statement of the principles involved. 

Since the network is the electrical analogue of the field 
problem, it is expected that its Q and input resistance 
should be related to those of a cavity resonator it repre- 
sents. Normally, the network will correspond to a cavity 
with a nonuniform lossy dielectric, the series resistance 
of the inductances corresponding to the dielectric loss. 
To represent wall losses, it is necessary to shunt the 
terminal capacitances of the network with resistances 
which are large compared to the capacitor reactance 
and which increase linearly with radius. 

In making measurements upon a network loaded with 
terminal resistors to represent wall losses, it is necessary 
to separate the effects of the power losses in the terminal 
resistors and in the coils themselves. For Q measure- 
ments, the Q of the network must be measured with 
and without the terminal resistors, thus determining the 
Q resulting from the terminal resistors alone, This value 
will be proportional to the cavity-resonator Q. The 
appropriate proportionality factor may be measured or 
deduced. theoretically. 

In making shunt-resistance measurements, use can 
be made of the fact that for TEM and TMo modes, the 
network quantities are the inverse of the field quantities; 
thus the electric ficld is represented by a network cur- 
rent. Accordingly, it is expected that the equivalent 
circuit of the network, as measured at the cavity gap, 
should be the inverse of the cavity-resonator equivalent 
circuit. Since the equivalent circuit of a cavity is given 
closely by a parallel combination of shunt resistance, 
lossless inductance, and capacitance, it is expected that 
the equivalent circuit of the network will be a series 
combination of resistance, inductance, and capacitance, 
This series impedance is measured by opening the net- 
work at the point where the radial gap currents flow into 
the axis circuit. It is further expected that the con- 
ductance of the series network equivalent will be pro- 
portional to the shunt resistance of the cavity. Here, 
again, it is necessary to separate components of shunt 
resistance due to wall losses and dielectric losses. This 
is done by measuring the network series resistance with 
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and without the terminal resistors. The conductance of 
the difference of the two series resistances thus measured 
is proportional to the shunt resistance of the cavity. 


B. Use of the Rectangular Network 


1. Determination of Resonant Frequencies of Cavities. 
The method used here involves excitation and variation 
of frequency until electrical resonance is observed by the 
same method used on the cylindrical-co-ordinate net- 
work. Attention must again be given to proper bound- 
aries and end corrections. As with the other network, the 
effective field edge is half a section beyond the capacitor 
at which the network is opened with open-circuit bound- 
aries, and at the short with short-circuit boundaries. 

2. Tuning Curves. These are obtained by the same 
method as is used with the cylindrical-co-ordinate net- 
work. 

3. Field Plots. These can usually be obtained di- 
rectly from network voltage measurements. In the case 
of the modes referred to here as TM modes, network 
voltage to ground is directly proportional to electric 
field strength. A plot of contours of constant voltage to 
ground constitutes a magnetic flux plot. With TE 
modes, voltage to ground gives strength of magnetic 
field, and contours of constant voltage constitute an 
electric-field plot. - 

4. Measurement of Shunt Resistance and Q. Shunt re- 
sistance and Q can be measured by the same general 
method indicated for cylindrical cavities. In the case of 
waveguide cavities operating on TM modes, however, 
the coil losses correspond to top and bottom surface 
losses. As a result, terminal resistors must be propor- 
tioned relative to the coil resistance to represent prop- 
erly side-wall losses. Also, care must be taken in repre- 
senting losses associated with gap loading, which, be- 
cause of high current densities near the gap, will often 
be as large as all other losses combined. 

5. Measurement of Ridge Waveguide Characteristics. 
Work on ridge waveguides has indicated a number of 
desirable characteristics. These include low cutoff fre- 
quencies and increased separation of modes. Other char- 
acteristics, such as increased attenuation and lower 
power-transmission capabilities, are less favorable. The 
characteristics of ridge waveguides can readily be deter- 
mined with the rectangular network. The network, be- 
ing restricted to two-dimensional problems, can only 
give the ficld configuration at cutoff; however, with 
both the field configuration and cutoff frequency known, 
all of the characteristics of the waveguide at any fre- 
quency can be determined.? 

The principal characteristics of interest in ridge wave- 
guides are the cutoff frequencies of the various modes 
and the impedance of the fundamental mode. Cutoff 
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frequencies are readily determined by simply setting up 
the waveguide in cross section with open boundaries, 
according to the TE analogy previously given. The net- 
work is then excited through a high series resistance to 
give the effect of loose coupling to a variable-frequency 
oscillator. The cutoff frequencies of the various TE 
modes of transmission are scaled by equation (12) in 
Part 1 from the frequencies at which the network reso- 
nates. 

The characteristic impedance of a waveguide may be 
defined in terms of (a) equivalent current and voltage; 
(b) transmitted power and equivalent voltage; or 
(c) transmitted power and equivalent current.'^ The 
current-voltage definition is always the geometric 
mean of the other two. The spread of values is of the 
order of 2 to 1 in ordinary waveguide, and is expected 
to be relatively small in ridge waveguide because this 
approaches a strip transmission line for which the three 
above impedances are identical. The current-voltage 
definition is most useful in considering matching prob- 
lems with two-conductor lines, and agrees most closely 
with the values measured through transducers from 
concentric line to waveguide. All of the impedance forms 
contain a factor which depends solely upon the geom- 
etry of the waveguide multiplied by a frequency-de- 
pendent term of the form (1—7?)/? where 7 is the ratio 
of the cutoff frequency of the mode considered to the 
actual frequency. This factor is infinite at the cutoff 
frequency and drops to unity at infinite frequency. 

The current-voltage definition of impedance is 


(21) 


where the integral limits b, £, L, and R stand for bottom, 
top, left, and right, respectively, as shown in Fig. 8. All 
of the above quantities are simply related to the x 
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Fig. 8—Ridge-waveguide notation. 


component of magnetic field of which the network ana- 
logue is voltage to ground. Specifically, 


jez oll, 

= eae 22 

: K? Ox (22) 
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where B is the phase factor, k is 27/À, and Z = (1 — 97)". 
With these substitutions, and replacing H, by V, net- 
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work voltage to ground, the impedance expression be- 
comes 
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From this it is seen that the impedance of the wave- 
guide is given by 377 times the frequency factor, times 
the average transverse voltage gradient at the wave- 
guide center, multiplied by the vertical dimension of the 
waveguide; all divided by twice the maximum voltage 
which appears on the edge of the network. Impedance 
values according to the other definitions are similarly 
obtained. 


C. Solution of Radiation Problems 


The networks may be used to solve antenna problems, 
give radiation patterns, surface currents, antenna im- 
pedances, junction transformations, etc. To simulate 
radiation problems, it is necessary to simulate the an- 
tenna contour and then terminate the edges of the net- 
work in such a way as to eliminate reflection of waves 
from it. Experiments with network terminations have 
shown that standing waves of the order of 1.10 or less 
are readily obtainable. This makes possible the deter- 
mination of radiation patterns. Antenna impedances 
can be measured directly. Reactance transformation of 
junctions can be tested by simulating the surrounding 
of the antenna with reflecting spheres of different radii. 
For extensive work with antenna patterns, a special net- 
work containing a centrally located fine section with 
larger dimensions over-all in terms of wavelengths, and 
possibly having a polar co-ordinate system rather than 
a rectangular co-ordinate system, would be advanta- 
geous. 


D. Accuracy and Speed of Network Determinations 


The networks described here are not high-precision 
devices, but do give sufficient accuracy for engineering 
applications. Resonant frequencies may be determined 
to within 1 per cent accuracy for simple geometries or 2 
per cent accuracy for complex geometries. Shunt re- 
sistance and Q determinations are accurate to within 
5 per cent for complex geometries, but may be relied 
upon to be within 2 per cent accurate for simple geom- 
etries. This accuracy decreases somewhat as the electri- 
cal length of a section exceeds 25°. 

A complete field plot of a resonator may be obtained 
in less than an hour. Resonant frequencies may be deter- 
mined within a matter of minutes. Once equipment has 
been set up for shunt-resistance measurements, such 
determinations may also be made in a matter of min- 
utes. In general, determinations are much more rapid 
than the equivalent calculation or model measurement. 
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Vl. EXPERIMENTAL VERIFICATION OF PERFORMANCE 


A. TEM Modes 


A large number of resonant structures have been 
checked against the network to calibrate its operation. 
Checks on resonant frequency, field configuration, shunt 
resistance, and Q have been made. A few of these results 
are reported here to indicate the nature of agreement 
between the theory and the network results. 

A basic reference test is the resonant concentric line 
operating on a TEM mode with its length being an 
integral number of half waves. Such a configuration, 
when set up, gives resonant frequencies which check 
within 1 to 2 per cent. The agreement on the field 
variation with line length is correspondingly good. 
Shown in Fig. 9 are plots of measured and theoretical 
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Fig. 9—Voltage distribution with length in a coaxial TEAL mode 
(shorted coaxial line) 22 sections long, one-half section correction 
added at each end, (outer radius) /(inner radius) =5. Test points: 

----- calculated 
© half-wave resonator 
A full-wave resonator. 


voltage, analogue of r1/,, versus length of the half-wave 
and full-wave resonance of a coaxial line. The agreement 
between the theoretical and measured cosine wave is 
good except in the vicinity of the nodes, where the true 
reading is somewhat obscured by harmonics and noise. 
This particular mode is convenient for checking the net- 
work adjustment on the cylindrical network. Since mag- 
netic field varies inversely with radius, network voltage, 
which is proportional to rll;, wil be constant with 
radius. It is very easy to check this condition with a 
vacuum-tube voltmeter, and any irregularities can usu- 
ally be quickly traced. From resonant-frequencies 
measurements, the half-section correction for open-cir- 
cuit boundaries can be verified. 


B. Cylindrical T Momo Modes 


The cylindrical-resonator T Momo modes are formed 
by radial waves which have no variations in intensity 
in the axial direction. The corresponding resonant fre- 
quencies are inversely proportional to radius. Tests with 
a large number of radii showed that measured network 
frequencies agreed with theoretical values within about 
1 per cent when the radial-tield edge correction was con- 
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sidered to be half a network section. For these modes, 
the radial electric-field variation is expected to be a zero- 
order Bessel function of the first kind. The magnetic 
field is expected to vary as a first-order Bessel function 
of the first kind. Figs. 10 and 11 show that these expec- 
tations were fulfilled quite closely. 
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Fig. 10—Radial field variation in the T Moo mode. 
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Fig. 11—Radial field variation in the T Mo» mode. 


C. TMm Mode 


The cases checked above have shown that the cylin- 
drical-co-ordinate network behaves properly for purely 
radial or longitudinal waves. The question naturally 
arises as to whether it will properly represent a com- 
bination of these. The simplest mode which exhibits 
both radial and axial field variations is the T Mon mode. 
This mode is found with the same boundary conditions 
as the TM y mode, it being necessary only to raise the 
frequency of the excitation voltage to the proper value. 
'The excitation frequency in a typical experimental test 
was 136.8 kc, as against a theoretical value of 135.3 kc. 


- D. Net-Point Computations 


In order to check the performance of the network on 
resonator structures presenting more complex geome- 
tries than the simple forms shown above, it is necessary 
to have recourse to rather involved theoretical ap- 
proximations or resort to net-point computations. Net- 
point computations were preferred in checking network 
results because they are adaptable to arbitrary geo- 
metrical configurations, and also because the network 
gave the resonant frequency with sufficient accuracy 
that the computations were greatly simplified. 

Basically, the net-point computation consists of find- 
ing a difference equation which corresponds to the dif- 
ferential equation pertinent to the problem; assuming 
values of field and then applying the difference equation 


to obtain successive improvements on the originally as- 
sumed values of field.!!7!? 

In making net-point computations of field in reso- 
nators with rotational symmetry, it is convenient to use 
the parameter rHy, which is the analogue of network 
voltage to ground, V. This is convenient because, as has 
been shown, contours of constant r//, or V constitute 
an electric-field plot. Likewise, values of rlI, or V di- 
vided by radius give magnetic field. The boundary con- 
ditions on 7H, or V are also simple in that the normal 
gradient of 7H, is zero at any conducting surface. 'The 
differential equation for V in two-dimensional, cylindri- 
cal co-ordinates with rotational symmetry has the form 

av oy 
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where & is 2r divided by wavelength. Note that this 
equation differs properly from the scalar wave equation 
in that the sign of the first derivative term in r is nega- 
tive. The corresponding net-point or difference equation 
in terms of the network notation of Fig. 12 is 


Fig. 12—Notation for net-point computations in 
cylindrical co-ordinates. 


where h is the net-point spacing in wavelengths and J is 
the integral number of lattice sections from the axis. 
This equation relates the voltage in the center of a 
square to the voltage at four symmetrically disposed 
points arranged as shown in Fig. 12. If values of voltage 
are assumed at all points in a field or are taken from ac- 
tual network measurements, then application of (26) 
will smooth out the values and give values which are 
more correct than those originally given. 

Shown in Table VI are values of network voltage as 
taken directly from the network (above), compared with 
voltage values refined by a successive application of 
(25). It is seen that the errors in the field as presented 
in the network arc relatively slight. 

For cases in which the resonant frequency is not 
known, it is necessary to reiterate between values of 
field and frequency. However, the dependence of the 
field values upon the frequency is low. Hence if the 
resonant frequency is known within a few per cent, it is 
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possible to proceed to refine field values without correct- 
ing frequency. 

In some applications, it is desired to use a different 
form of the difference equation given above. Where ex- 
tensive computations are to be made, it is convenient to 
have a form where the center potential of a square is 
given by the sum of the four surrounding values divided 
by a constant dependent upon the radius. Such a form 
results if there is used the variable 


U = V/vr. (27) 
Another useful transformation is 
W = V/r. (28) 


The paramenter W has the advantage that it will tend 
to be constant in a resonator gap on the axis. Since V 
is proportional to r/Z,, and Hy tends to increase linearly 
with radius in a gap, V/r? will tend to be constant. 

It should be emphasized that the tests reported here 
and many others indicate a good agreement between 
the analyzer results and theory in cases where the results 
may be simply predicted and also in cases where the 
theoretical results are not simply predicted. As a result, 
it is felt that the analyzer is a useful tool which can be 
trusted in cases where the boundaries are too compli- 
cated to admit of only experimental or numerical deter- 
mination, 
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VII. CONCLUSIONS 


Networks have been constructed which give the solu- 
tion of the wave equation in two-dimensional rectangu- 
lar and cylindrical co-ordinates. Resonant frequencies 
of cavities, field plots, equivalent reactance of obstacles, 
shunt resistance, and Q are obtainable with little effort. 
'The devices are simple to operate, and results can be 
obtained with considerable speed. The networks contain 
no vacuum tubes or moving parts and are simple and 
inexpensive to build. Accuracy, though not at the pre- 
cision level, is sufficient for most engineering applica- 
tions. 

Two-dimensional networks are believed to be very 
practical. It is not thought that three-dimensional net- 
works are practical. 

The educational value of the networks is considera- 
ble. They possess a form of "intelligence," in that they 
often. reveal the presence of unsuspected resonance 
modes. In addition, their use reveals a large number of 
important properties of fields which are little known. 
They can be operated by people not highly skilled in 
field theory. 
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Design of Optimum Transient Response Amplifiers” 


PIERRE R. AIGRAINT, STUDENT MEMBER, IRE, AND EVERARD M. WILLIAMSI, 
SENIOR MEMBER, IRE 


Summary—This paper describes a method based entirely upon 
transient considerations for the design of amplifiers with optimum 
transient response in the ‘‘least squared” sense. This method is 
applicable to video amplifiers, symmetrical band-pass amplifiers, 
and dissymmetrical band-pass amplifiers used with low-level modu- 
lation, and has provisions for taking into account noise acceptance 
and adjacent channel rejection. Examples are given of the results 
obtained with this method. 


INTRODUCTION 
A retine ALL communication amplifiers are 


used in conjunction with signals of an essentially 

transient character, amplifier circuit design and 
synthesis has for the most part concentrated on the 
problem of obtaining predetermined steady-state char- 
acteristics. Methods of solving this steady-state prob- 
lem have been brought to a high degree of perfection by 
Cauer,! Guillemin, and Lee? amongst others. 

Recent developments, however, first of television, 
later of radar, and finally of pulse communication sys- 
tems, showed that there are important cases where the 
performance of a System cannot be simply related to its 
steady-state characteristics, but rather is best expressed 
by its transient response. 

Existing design methods for transient amplifiers are 
derived from steady-state theories, particularly those 
relating to filters. Butterworth,‘ Landon,’ Wallman,® 
Bedford,” and Kallman, Spencer, and Singer? all studied 
amplifier transient response as related to steady-state 
characteristics. The shortcomings of their procedures 
are well understood, however, and have been pointed 
out by Kallmann.? 


This paper describes a design method, based entirely 
upon transient analysis, which leads to amplifiers with 


* Decimal classification: R 363. Original manuscript received by 
the Institute, August 16, 1948; revised manuscript received, April 7, 
1949. Part of a dissertation submitted by Pierre R. Aigrain in partial 
fulfillment of the requirements for the degree of doctor of science 
at Carnegie Institute of Technology. 

t f Service d'Etudes et de Recherches Scientifiques de la Marine 
Francaise, Ecole Normale Superieure, Paris, France. 

t Carnegie Institute of Technology, Pittsburgh, Pa. 

TW. Caner, "Siebschaltungen," published by V.D.1., Verlag 
G.M.B.H., Berlin; 1931. 

? FLA. Guillemin, “Communication Networks,” John Wiley and 
Sons, Inc., New York, N. Y., 1931. 

rM. W. Lee, "Synthesis of electric networks by means of the 
fourier transform of Laguerre's functions," Jour. Math. Phys., vol. 
11, pp. 83-113; 1932. 

* S. Butterworth, “On the theory of filter-amplifiers," Exp. Wire- 
less and Wireless Eng., vol. 7, pp. 536-541; October, 1940. 

* V. D. Landon, “Cascade amplifiers with maximal flatness,” 
RCA Rev., vol. 5, pp. 347-362; January, 1941. 

* 1f, Wallman, “Stagger Tuned I.F. Amplifiers,” MIT Radiation 
Lab. Report 524; February, 1944. 

7A, V. Bedford and G. L. Fredendall, “Transient response of 
multi stage video frequency amplifiers," Proc, LRE., vol. 27, pp. 
271-289; April, 1939. 

* H. E. Kallman, R. E. Spencer, and C. P. Singer, “Transient 
response," Proc. T R.E., vol. 34, pp. 138-144; March, 1946, 


an optimum transient response. This method is derived 
from operational analysis using Laplace transforms. 

The procedure by which the transient response of an 
amplifier to some particular signal is calculated with 
Laplace transform technique involves the determination 
of the *operational transfer impedance," AG(s), of the 
circuit under consideration. If a signal of Laplace trans- 
form Fi(s) is applied to the amplifier, the output will 
have the transform 


AF,(s) = AG(s)Fi(s). (1) 


(The amplifier gain A, at low frequencies, is extracted 
as a coefficient for convenience.) Considerable difficulty 
is generally encountered when it is desired to calculate 
the actual amplifier response f2(¢), the inverse transform 
of Fs(s) in (1). This process requires the extraction of the 
poles of G;(s), an algebraic process only possible in gen- 
eral with known numerical values and of great difficulty 
when several poles are involved. It is apparent first that 
a simpler method is necessary for calculating the transi- 
ent response. Such a method is described in part I. 


I. THE LAGUERRE SERIES 


The problem is that of determining f(t) from a speci- 
fied F,(s). This will be simplified first by using a function 
F(t), defined as 


Salt) = fot) — C 
C = fí() = lim sF:(s) (2) 


s0 


or a function differing from f2(t) by the steady-state re- 
sponse fo( % )- fa(t) can be calculated as 


fil) = PE as B,(), (3) 


in which the terms a, are the coefficients of an expansion 
in a Taylor series of 


2 1+ 2 
Epas F (=) = » as x" 
1-x 1—x n=0 


and the terms B,(/) are “Laguerre functions"? defined 


by 
x —™( P 
LP, (4 
p-0 p! ? 


‘The series (2) is convergent for all values of t. Since 


2 1+ 
1—x 1—*x 


? The Laguerre functions arc related to the Laguerre polynomials, 
for which see "Orthogonal Polynomials”, Szegó, Gabor, Colloquium 
Publications, American Mathematical Society, vol. 23; 1939. 
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is a rational fraction in x, a can be obtained by division HH. Di riNIPION OF TRANSIENT DISTORTION 


of two polynomials. Furthermore, the B,(t) form a close The distorting or disturbing effeets of principal inter- 
orthogonal set from 4 —0 to t= c, that is est in communication systems are non-linear distortion, 
+ O if næm random noise, adjacent channel interference, and transi- 

| BBmidt = : (5) ent distortion. When defining the first three it is cus- 

PS pose tomary to relate the actual response f,(t) to a specified 


signal to the output f,(f) of a “distortionless” system. 


and every function L(t) such that 
The actual distortion is defined as the time average of 


. o6 


| LQ)B, (dt = 0. forall n (0) iato) — fo 


or, if the input is of finite duration, as 
J Ly = fo pa 


This definition has given satisfactory results when ap- 
plied to most ty pes of distortion and it scems logical to 
extend it to transient distortion. It has, in fact, previ- 
ously been so used? Following this concept, transient 
distortion. will be defined as follows: Assume a signal 
fi(t) to be fed into the amplifier at time £50. The output 
will be A fo(t). An ideal amplifier would yield an output 
A fit — To) in which To represents a delay time. The 
“transient distortion” will be defined as 


a L0) — fit ~ To) Jat. 2 


This integral is convergent for all fi(4) with a finite en- 
ergy and for all bounded input functions" which reach 
PLOT OF THE LOWEST ORDER LAGUERRE FUNCTIONS a final value in a finite time (c.g., a step function), pro- 
vided the amplifier has no low frequency distortion. The 
low-frequency distortion problem in video amplifiers, 
is identically zero almost everywhere. The first ten however, is fairly distinct from that of high-frequency 
B,(t) have been computed and are given in Table J, distortion, so that it is possible to define an “equivalent 
Their form is shown in Fig. 1. Calculation of transient low-pass amplifier" without low-frequency distortion 
response is often simplified by the use of these B.(t) and and work with it exclusively. 


TABLE 1 
VALUES OF IHE FIRsr Nini LAGULRRE FUNCIONS 


Fig. 1—Plot of the first nine Laguerre functions, 


t Bolt) Hy) Bt) By) Bt) HB.) By) Bit) B.) B,(t) Hit) 

0.25 0.7788 0.3894 Proa EE OET 0.25164. —0L 3420. 0/3026. Aik cq 3 = = 

0.50 — 0.6065 0 =0.3033 —0.4043 .—0:3791.  —0.2830 — 09.1538 (0213 Ds pee eet 

0.75 0.4724 —0.2362  —0.1133 — —0.3248 — —0.1366 — 0.0550 — 0.2008 0.2828 — 0.3016 — 0.2679 0 1974 

1.00 0.3679  —0.3679  —0.30790  —0.1226 0.1226 0.2008 — 0.3025 — 0.24311 — 0.1320 —0.0391 —0.1537 N 

LO LE ON Nc UNE LC C c toawe -0.1176 —0.2171 —0.2529 

Lo 2.2937 — 00103 0 INI? 0.2331 0.3008 DEBT e ULES Unie EE 00 doS- LOST 

1.55 0.1738  —0.4344 — 0.0217 0.3005 0.2107 FADO SO TOOS E0207 eO 2 60 SEDIS O 30e 

2.00 — 0.1353 —0.4060 0.1353 0.3158 E SUAM Hn c TS rU ur RETE 0.1800 

2.25 0.1034 — —0.3089 0.2240 0.2833 DA 02185 Oa OSM O0 I O 1286 

2.50 0.0821 —0.3283 0.2873 Door SUMO S020" EOT Tu aes O faa 0.2200 — 0.1411 

Pu MOI IT OI NIST is Cer gsm a d 0.1427 — 0.3250 — 0.1578 — 0.011 

3.00 0.0198  —0.24*o 0.3185 enses URE ncs 19093 070 qul ferat e rg 0.0498  —0 1107 

3.25 0.0388 — —0.2132 0.3538 | —0.0317 -0.2091 0.1000 0.1407 0.2395 0.1194. —0 008? 0 1875 | 

3.50 0.0302 —0.1812 0.3173  —0.1107  —0 2605 0.0156 — 0,2007 — 0.1908 — Q.0007 0 138o -0.1990 | 

3.75 0.0235  —0.1529 0.3323 —0.1750  —0.22;1 D.UTIN.— 70.2313. (0.1202. <A (guz -0 2015 —0 1510 l 

4.00 — 0.0183 — —0.1282 0.3111. —0.2239  —0.1771 CDL UE MAD IRSE DC E pe | 
(2) and (3); the pi incipal ` alue of these functions, how e PS Hansen, “Transient response of w ide-band amplifiers,” | 
ever, is that they result ina simple means for determin- Proc. Nat. Elect, Conference, vol. 1, pp. 544-553; October, 1944, 
ing the effect of individual parameter variations on the mo npa pie eek e DE the definition of transient dis- | 

5 INI : 3 E e difie 1 ne UM NR DE 

over-all transient response. This subject will be treated — suitable TT EE Te ORL COMES AR CESAR | 


in part III. Part II deals with the definition of transient € 7 
distortion. Le T lf?) — 280 — TAN Jdt = fin = 2f( T»). | 


eee ste 


"v ° — 


1949 


In this study, in accordance with common practice in 
video amplifiers, fi(/), will be taken as a step function de- 
fined by 


t<0 
t> 0. 


for 


filt) = 90 
fi(t) = 


The method can, if desired, readily be extended to other 
signals. The delay T» in (7) must be chosen to minimize 
I. For the step function 


f( T9) T: 


III. CALCULATION AND MINIMIZATION OF I 


for 


tl 


The transient distortion integral J can very easily be 
evaluated when the Laguerre series panion of f(t) is 
used. In fact, if we write 


E vB) + 1, 


n=0 


fi(t — Ty) = 
then, using fs(/), from (2), 


= p (= Ya)”. 


n=0 


(8) 


This formula permits the evaluation of the integral I 
without calculating f»(/) explicitly, providing values of 

yn(To) are available. Table II gives these values for the 
case in which fi(/) is a step function.” 
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pendent parameters £i, £2, £3 © > + $n. The integral J may 
be minimized when 
f= Ci, z = Ca++ En = Cs, 
if 
ol 
— (Ci, Cn, T) = 0 
31 
ol 
Ot (Ciro s To) = 0, etc. (9) 


The series (3) and (4) are absolutely convergent, and 
(8) may be differentiated term by term. The optimizing 
equations corresponding to (9) are: 


e 
2 (æn — 
n=0 m 
Since the Laplace transform of the derivative of a func- 
tion of time with respect to an independent parameter is 
the derivative of the Laplace transform of this function 
with respect to the parameter, 


ð 2 o(; + *) 
ote ao 
This yields dan/0é just as (3) yields an. The system 


(11) solves the problem mathematically, but actually an 
approximate method is desirable for its solution. We as- 


20: (10) 


$9. Qa 
Y 


nw Of, 


Xn. (11) 


TABLE II 


VALUES OF yp(To) FOR THE CASE OF THE STEP INPUT FUNCTION 


To yo(To) ^n (Do) (To) ya( To) (To) tT) ow To) To) (To) vo(To) yi0( To) 
0.25 0.442 0.336 0.248 0.174 0.114 0.065 0.026 . —0.006 —0.023 —0.048 —0.051 
0.50 0.787 0.426 0.181 0.021 —0.072 —0.120 —0.134 —0.129 —0.107 —0.083 —0.051 
0.75 1.055 0.362 —0.008 —0.171 —0.203  .—0.180 —0.112 —0.052 0.015 0.053 0.088 
1.00 1.204 0.207 —0.207 —0.283 —0.207 — 0.087 0.024 0.091 0.133 0.198 0.137 
1525 1.427 0.006 —0.364 —0.293 —0.103 0.062 0.151 0.167 0.130 0.069 0.003 
1.50 1.557 —0.215 —0.454 —0.215 0.048 0.186 0.199 0.129 0.053 —0.074 —0.097 
1.75 1.072 —0.476 —0.436 —0.121 0.229 0.201 0.195 —0.027 —0.052 —0.167 —0.096 
2.00 1.729 —0.647 —0.436 0.079 0.278 0.227 0.041 —0.102 —0.170 —0.147 —0.079 
2525 1.789 —0.841 —0.345 0.227 0.322 0.133 —0.082 —0.188 —0.170 —0.088 —0.029 
2.50 1.836 —1.015 —0.216 0.353 0.297 0.011 —0.188 —0.209 —0.105 0.031 0.122 
2.75 1.872 —1.189 —0.022 0.403 0.260 —0.158 —0.207 —0.205 0.041 0.094 0.193 
3.00 1.900 —1.303 0.108 0.490 0.108 —0.228 —0.250 —0.074 0.108 0.183 0.172 
3.25 1.922 —1.418 0.284 0.493 —0.023 —0.303 —0.202 0.037 0.184 0.192 0.047 
3.50 1.940 —1.517 0.460 0.456 —0.157 —0.333 —0.111 0.144 0.218 0.119 — 0.038 
3.75 1.953 —1.600 0.630 0.385 —0.280 —0.318 —0.001 0.223 0.197 0.047 —0.168 
4.00 1.963 —1.670 0.791 0.283 —0.381 —0.232 0.051 0.324 0 0.011 —0.245 


It is necessary, however, to evaluate To (to avoid an ex- 
plicit solution) and a simplified method of calculation is 
given subsequently. Equation (8) not only permits the 
calculation of 7 but also provides a means for choosing 
circuit parameters to render J a minimum. In general. 
all the coefficients of G(s) cannot be chosen arbitrarily. 
Some relations between them are introduced by ampli- 
fier gain requirements and by unavoidable minimum 
m values of interstage shunt capacitances. It is convenient 
to express the coefficients of G(s) as functions of inde- 


7 [f f(t) is a delta impulse, y, = Bal To). 


.069 | —0. 


sume that approximate values Cio, Coo, * * +, Cao can be 


found for Ci, Cz, * --, C, so that Ai, Az, - ++, defined 
by 
A, = Cy = Cio, 
= C: — Co, 


are small quantities. 

The equations (10) can be expanded in a series of pow- 
ers of 9a, /0£ and, neglecting all of order above the first, 
this series is 


5 (a, — Yn) 


n=0 & 


9a, 
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N (0an\? Oan 
as a z z D ST 
d { N Oo, Oa, T y aa 0, (12) 
EO nil a) arc mU, 
HUE T" Sho 


and other similar equations. This system (12) is linear 
and rcadily solved. The number N in this system corrc- 
sponds to the last series terms considered to be of im- 
portance. Since numerous approximations are involved 
in (12), the values of £&, £, - - - , obtained will differ 
from Ci, C», - - - . However, the amount by which £, 
differs from C, etc., is not so significant as the amount 
by which the transient distortion 7 of the calculated cir- 
cuit differs from that of the best possible circuit. The 
approximations can be shown to introduce the following 
errors in T: 

1. An error &, due to the neglect of terms of order 
above the Nth: 


&a<2 D> 2o.y. OR es 


n=0 


2. An error e;, due to taking for To an approximate 
value, 


€) < 0.017 
< 0.0017 


if 0.47 < fa(Ta) < 0.53 , 
if 0.49 < fa(To) < 0.51. 


3. An error és, due to the linear approximation to 
equation (10). This error cannot be ascertained easily, 
but is of the third order in Aj, Az, *-- so that itis very 
small if Ai, As, - - - are small. 

There remains the problem of determining 
Cio, Cro, © + +. Any approximate design methods may 
be utilized. Marcuwitz!? has proposed a method in which 
the first terms in the Laplace transform transfer imped- 
ance G(s) in powers of s are equated to those of the series 
expansion of e~*7o. If all the terms could be equated a 
perfect transient response could result and further, if 
circuits of increasing complexity are considered, so that 
more and more terms can be equated, results of uni- 
formly increasing quality are obtained. Although this 
method does not necessarily lead to an approximately 
optimum circuit in any given case with a finite number 
of terms, it does lead consistently to usable designs as a 
starting point for our optimization procedures. The 
Marcuwitz method may be replaced by any other ap- 
proximate design data. 

As an illustrative application consider the circuit of 
Fig. 2. This interstage coupling network has been stud- 
ied by Kallmann, Spencer, and Singer? for equal input 
and output capacitances. We shall determine the opti- 
mum values of the parameters subject to choice with the 
sum of input and output capacitances fixed, but with an 
additional choice as to the division of this total capaci- 
tance between input and output circuits; that is, with 


? N. Marcuwitz, “Distortionless Correction of Video Networks,” 
M.E.E. Thesis, Polytechnic Institute of Brooklyn, June, 1941, 
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Fig. 2—Pi-filter interstage coupling network. Responses of the 
conventional type and the optimum type are compared. 


fixed values of C and R (R from the gain selected) and 
variable L and œ.. The time unit is chosen as t/ (RC) so 
that a general solution is obtained. The notations 
{=a-LC and £=a,(1—a,) will be used. 
The Laplace transform of this circuit is 
1 1 


E — —————— 
b) 1+ 5 + £5? + £s? 
and the transform of the response to a step function is 


1 1 
G(s) = — G(s) = 
M 


Go, = 


sp) - 
The derivatives of Gi(s) with respect to £j and £s are 
0G, _ s 0G, $3 
ho — p) ði p) 
9*G, E -— 253 ru, —2s4 
Oh! pis) [E 


As the starting point approximation, use ‘the circuit 
given by Kallmann, Spencer, and Singer? in which 
£& —0.45 and £; — 0.10. Substituting S — (1 +x)/(1—x) in 
the above expressions, with these values of £j and £, 
2 C + =) 3.1 — 3.6% + 1.5x? 
1 — —— —— —— 
1—*x l-r 2.55 — 3.25x + 1.853? — 0.35 x? 


2 OC 
oni = (1 — x)M(x), 

2 OG, 
r e at. = (1 + x)M (x) 

2 i UKOR 
l— x ag? zu st. 

2 9*6 
Tis un = (1 — x?) N(x) 

2. Qj 
TA e = (1 + x?)N(x), 


August 


a" 


| 


; 
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in which 


> myx? = M(x) 
0 


o 


F MN px? 


N(x) 
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1 — 2x + 2x? — x‘ 
TCU ee ee ee ee Kee U e 
3.25(1 — 2.55x + 3.07x? — 2.12x* + 0.87x* — 0.2x5 + 0.022%) 


1 — 3x? + 3x4 — x’ 


: 4.14(1 — 3.82x + 7.04x* + 6.15x* — 3.2725 + 1.225 — 0.2927 40.0435) 


We can now arrange in Table III the coefficients of 
the expansion of the above expressions in powers of x. 
Of course 


IV. EXTENSIONS OF THE METHOD TO BAND-Pass AMPLI- 
FIERS AND TO THE TREATMENT OF NOISE AND 
ADJACENT-CHANNEL REJECTION 


The design method described so far applies only to 


ð ða : ; $ 
Za My — Mpi et Mp mp video amplifiers. It can be extended to symmetrical 
9b 0&2 band-pass amplifiers, or asymmetrical amplifiers with 
a low-level modulation, however, by making use of the 
dr 9 ds band | logy./54* The desi thod 
pe c ONLSDE M ds. = Np — npa »and-pass, low-pass analogy. e design metho 
ot)? OF 102 here involves finding the low-pass equivalent of the 
" band-pass amplifier under consideration, obtaining the 
x : ; ; ? 
Po TERI NIS CUBES optimum design for the video equivalent and reconvert- 
ot? ing to the band-pass equivalent. 
TABLE III 
Oay 9a 9'a, 9'a, Pap 
? Yp ap Y» — «p 3.25m, 4.19»; —— ——— 
ns 9t 9£& [I3 07 on? ðk? 
0 1.264 1.216 0.048 1 0.308 -1. 0.308 —0.242 —0.242 —0.242 
1 0.207 0.137 0.070 0.548 —0.139 — 3.82 0.475 —0.923 —0.437 —1.397 
2 —0.207 —0.197 0.010 —1.678 —0.638 — 4.55 —0.347 —0.857 0.502 —3.166 
3 —0.283 —0.184 —0.099 —1.839 —0.049 1.57 —1.076 1.302 1.644 —2.741 
4 —0.207 —0.073 —0.134 —0.240 0.491 10.85 —0.638 3.72 0.758 2.014 
5 —0.087 0.015 —0.102 1.202 0.442 14.39 0.295 3.12 —1.354 8.88 
6 0.024 0.047 —0.023 1.458 0.079 9.12 0.816 —0.415 —2.162 11.82 
7 —0.031 0.039 0.052 0.776 —0.209 — 1.26 0.685 —0.378 —1.200 7.30 
8 0.133 0.018 0.115 —0.079 --0.262 —11.21 0.214 —4.88 0.103 —1.11 
9 0.198 0.001 0.197 —0.559 —0.147 —18.22 —4.67 0.706 —10.12 


The coefficients of the equations (22) calculated from 
the elements of Table III are 1.0842; — 2.3642; — 0.169 
and —2.36A£,--1.08A£, = — 0.233, giving as a final re- 
sult £j — 0.36 and £; 20.21 or a, — 2/3 and 20.73 RC. 
For this optimum circuit, / —0.0956. The circuit re- 
sponse is given in Fig. 2 and compared with the conven- 
tional pi section derived from filter considerations. The 
order of magnitude of the error terms is 

e œ 0.001, and 


e œ 0.0009, e3 ~œ 0.0008. 


In the event that the error terms should be too large, it 
would be necessary to use new starting values of £i and 
t: and to repeat the procedure. The results of this par- 
ticular calculation indicate a pronouiced improvement 
from using this video coupling network when the driving 
tube output capacitance exceeds the driven tube input 
capacitance by a substantial amount; the optimum ratio 


m of two to one might readily be realized with some tube 


types. 


WH. A. Wheeler, “Wide-band amplifiers for television,” Proc. 
|. R.E., vol. 27, pp. 429 -437; July, 1939. 


There are many cases in which the transient response 
of an amplifier is not asole performance criterion. Other 
factors of interest, such as noise acceptance and adjacent 
channel rejection, can be taken into account by a modi- 
fication of the basic method. 

The “noise acceptance” of an amplifier may be defined 


by: 
M= f ADA, 


0 
in which A (f) is the amplifier amplitude response at a 
frequency f. It can also be expressed as 


M= f Opa 


where fz'(£) is the response to a 6 function. M is propor- 
tional to the power of the noise present at the output of 
the amplifier, when its input is connected to a random 
(or “white”) noise source. 

" V. D. Landon, “The band-pass low-pass analogy,” Proc. 
I.R.E., vol. 24, pp. 1583-1584; December, 1936. 

1 P, R. Aigrain, B. R. Teare, Jr., and E. M. Williams, “General 


ized theory of the band-pass low-pass analogy,” to appear in Proc. 
LR.E. 
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It would be almost hopelessly complex to try tuchoose 
the noise acceptance, and then minimize the transient 
distortion; indeed, the noise acceptance is given by a 
complex function of the circuit parameters. A preferable 
procedure is to minimize an expression of the form: 


U=!1+aM, 


where a is some constant determined by the relative 
importance assigned to the transient response and to the 
noise acceptance, This procedure is particularly simple 
if one uses as test signal a delta-function. Corresponding 


to (7): 
TREE. Í fa (dt — f(T). 


l'he calculations are similar to those involving tran 
sient response only, and the resulting equations are the 
same except that y, is replaced by B,/1+a. 

Adjacent channel rejection is of interest particularly 
in band-pass amplifiers in which it may be specified that 
some particular adjacent frequency must be st rongly at 
tenuated. As in the case of noise acceptance, it would be 
impractical to introduce this condition as a relation be- 
tween the circuit parameters. It is, however, possible to 
handle this problem by minimizing the sum of the tran 
sient distortion and of the amplifier response to the un- 
desired frequency. The amplifier input signal may he 
treated as the sum of astep function, for example, and a 
damped sine wave of frequency equal to the undesired 
frequency and with damping and amplitude dependent 
on the desired rejection. The frequency spectrum of 
such a signal appears in Fig. 3. Due to this additional 
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FREQUENCY 


2m -t 
FREQUENCY SPECTRUM OF bé “cosut 
Fig. 3—hrequeney spectrum of be7* cos 2rft, the function used 

in minimizing adjacent channel rejection. 
input signal, / as calculated from (1) will be increased 
by an amount which will be least if the desired fre- 
quency is properly rejected. If the damping and ampli- 
tude are small, the main part of the transient will be 
practically unaffected and the increase of / is given ap- 
proximately by: 
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f, response of ainplitisr at the rejected frequency 


ifthe added function is be P os 2mft. Ihis procedure is 
thus equivalent to mimnmnizing the sum of the transient 
distortion and the amplitier response at the undesired 


frequency 
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a Small amount, the sum of all variables staying con 
stant. 
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since the other optimizing relations will follow immedi- 
ately from these. The consequence of this can be ex- 
pressed in other words by the theorem *For optimum 
transient response in a video amplifier cascade," all sec- 
tions of the cascade should be made identical." 


17 These conclusions also apply to the video equivalent, when such 
exists, of a band-pass amplifier. This includes the case of stagger- 
tuned intermediate-frequency amplifiers, for instance, in which 
there are an even number of stages, each pair being symmetrically 
tuned with respect to carrier frequency. 
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It is not possible to prove, but there are reasons to be- 
lieve, that the optimum design for a section in a cascade 
is not very different from the optimum design of this sec- 
tion used alone. Indeed the amplitude as well as the 
phase distortion of each section will be cumulative, and 
thus it appears that the only way to improve the re- 
sponse of the amplifier as a whole is to make each section 
as good as possible. The results of a calculation of the 
optimum design for two shunt-peaking circuits are 
given in Fig. 4 and support this view. 


Admittance of the 1B25 Microwave Switching Tube" 


RALPH W. ENGSTROMT anp ARNOLD R. MOORE} 


Summary—The operation of an RCA-1B25 neon-argon-filled 
glow tube as a switching element in a transmission-line network at 
ultra-high frequencies has been investigated. A test method has been 
developed and theory formulated for evaluating the behavior of the 
tube in terms of an equivalent susceptance and conductance. Experi- 
mental measurements have been made which show the variation 
of the admittance characteristics as a function of gas pressure and of 
the direct current. 


into a coaxial transmission line and is used to 
switch a small ultra-high-frequency signal. Admit- 
tance characteristics of the tube were studied because of 
their importance in tube replacement. 
A block diagram of the test equipment used to meas- 
ure the conductance and susceptance of the tubes under 


f | WHE 1B25 IS a neon-argon-filled diode which fits 
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Fig. 1—Block diagram of experimental equipment. 


* Decimal classification: R257.2. Original manuscript received 
by the Institute, April 28, 1948; revised manuscript received, Janu- 
ary 14, 1949. 

t Radio Corporation of America, Lancaster, Pa. 

1 Cornell University, Ithaca, N. Y. 


test is given in Fig. 1. The 1B25 tube terminates the 
150-ohm tunable coaxial line, as indicated. The method 
of determining the admittance of the 1B25 in operation 
requires measurement of the voltages at junction & (Fig. 
1) with the switching tube unfired and fired as a func- 
tion of the electrical angular distance of the 1B25 from 
the junction. The ratio of these voltages is termed the 
switching ratio 


SR =|Viu/Visl, (1) 


wherein subscripts u and f refer to the unfired and fired 
states, respectively. This switching ratio was evaluated 
because of its applicability to operating conditions in 
the direction-finding equipment in which the tube finds 
its principal use. 

The tube under test is fired at audio frequencies by a 
square wave of 250 peak volts. Included in the circuit is 
a frequency-doubler arrangement which delivers a 
square wave at twice the fundamental frequency. This 
double-frequency wave is applied to disable the receiver 
during part of each fired and unfired period. The switch- 
ing ratio may then be measured as the relative height of 
two square-wave pips on the oscillograph. 

The relative admittance of the 1325 may be defined 
as 


Yua/Yo = jbu + gu, for the unfired state, (2) 


and 


V;/Vo = jb, + gj, for the fired state. (3) 


Yo is the surge admittance of the line, Y, and Y; are the 
unfired and fired admittances of the 1B25, and the b's 
and g's represent corresponding relative susceptances 
and conductances. 

The tunable coaxial line terminated by the 11325 may 
be considered to have an electrical length of 0 degrees 
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from the junction & When an analysis is made of the 

junction voltages for the fired and unfired condition, the 

following expression for switching ratio may be de- 

rived: 

[s+ (gs +1)? + 2g +b ] 
Sie bes b, sin 0)? + (gy sin 0)? (4) 

E n" (gu + 1)? + 2g +b: ] 

(cos 0 — b, sin 6)? + (gu sin 0)? 


(SR)? = 


This working expression gives the ratio squared of the 
magnitudes of the received signal for the two conditions 
of the tube as a function of the length of the tunable line 
and of a set of constants which represent the lumped 
relative admittance of the switching tube during non- 
conducting and conducting periods. 

The results of various possible switching-tube admit- 
tances, plotted from (4), are illustrated in Fig. 2. The 
parameters chosen and the equivalent circuits represent- 
ing the types of “short” introduced by the firing of the 
11325 are indicated in the accompanying legend. Very 
distinct characteristics classify the possible types of tube 
behavior. 
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Fig. 2— Variation of switching ratio with neun of tunable line, based 
on (4) for different possibilities of fired-tube admittance. 


The inverse problem of determining the admittance 
characteristics from the experimentally measurable SR 
function required a graphical solution. Fig. 3 shows loci 
of SR(Onin. tired) and Omin. fired. T he latter parameter was 
chosen as most convenient for the graphical analysis; 
it represents the electrical angular length of the tunable 
line for the condition that the junction voltage be a min- 
imum during the fired condition. The switching ratio 
for Onin. firea is in general nearly equal to the maximum 
switching ratio. In Fig. 3, gu is assumed to be zero, as 
may be expected in a properly insulated tube. The value 
of b, is 0.36, which corresponds to a Onin. fired Of 70.3°, or 
a capacitive reactance of 417 ohms at 400 Mc, and is the 
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value to which all tubes are adjusted during manufac- 
ture. The intersection of loci Omin. tira and SR(0,,, fired) 


defines b, and gy. 
— — 
TEST LINE AOMIT TANCE 
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$m —— 1 —— * 
6 = ANGLE FOR minimum 
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ANGLE 6 hs 


CONDUC TANCE (8) RELATIVE TO LINE ADV TTA 
o 
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Fig. 3—Chart for obtaining conductance and susceptance from 
Omin. fired and SR (0min. fired). 
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Fig. 4—Variation of switching ratio with length of tunable line for a 
typical 1B25, illustrating the accuracy with which the tube's be- 
havior may be identified with admittance parameters. 


Experimental points for an SR(0) curve are shown in 
Fig. 4. The solid line shows the theoretical SR curve ac- 
cording to (4) with the parameters b; and gy as obtained 
from bnin. ria and SR (Onin. tired) and the graph of Fig. 3. 
The fired gap admittance is, thus, equivalent to a ca- 
pacitive susceptance in parallel with a conductance. All 
of the 1325 tubes measured exhibited a similar admit- 
tance at 400 Mc within the range of attainable currents. 

A more fundamental method of showing the behavior 
of a 11325 tube is to plot susceptance and conductance 
of the ionized gas as a function of the peak discharge 
current. It is convenient to define the relative suscept- 
ance and conductance of the ionized gas: 


b =, by — bu 
(5) 
asc JE qe 


12 x a : o 


— ——— 


| 1949 


Figs. 5 and 6 show values of b, g, and the ratio of b/g as 
a function of peak current through the tube. Gas pres- 
sure in these two cases was 100 and 195 mm of mercury 
of a mixture of neon and 11 per cent argon. The standard 
1B25 tube is filled to a pressure of 150 mm of mercury. 
Large variations of these characteristics were found, but 
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Fig. 5—Variation of conductance and susceptance at 400 Mc as a 
function of the direct current through a 1B25 tube having low gas 
pressure. 
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Fig. 6—Variation of conductance and susceptance at 400 Mc as a 
function of the direct current through a 1825 tube having high gas 
pressure. 


susceptance and conductance always increased with the 
|! direct current. The admittance of a tube usually changes 
| during operation, particularly at the outset; the plotted 
"values were measured, therefore, after the tube had 
been aged at least 30 minutes. The differences between 
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operation at 100 and 195 mm of mercury, as illustrated 
in Figs. 5 and 6, are quite typical of the general shift in 
characteristics with gas pressure. Conductance (par- 
ticularly) and susceptance both increase with decrease 
in pressure. 

In Fig. 6 theoretical curves also are shown for b and g 
variation with current. Since the theoretical computa- 
tion is lengthy and necessarily approximate, it has been 
omitted. The calculated behavior agrees with experi- 
ment only to the extent of indicating trends. 

A large switching ratio was desirable in the antenna- 
switching application. This ratio could be obtained at 
high gas-discharge currents, but practical limitations on 
tube life limited the current to about 40 ma. Operation 
at pressures lower than 150 mm was excluded because of 
excessive sputtering and eventual short-circuiting of the 
electrodes. An attempt was made to increase the switch- 
ing efficiency by mechanically restricting the area of 
glow between the two electrodes. “A ceramic collar was 
built to enclose the sides of the cathode as illustrated in 
the sketch of Fig. 7. This collar restricted the cathode- 
glow region to the flat surface facing the anode. A more 
uniform distribution of cathode glow resulted, which 
tended to prevent erratic shifts in the switching ratio. 
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Fig. 7 —Variation of the 400- Mc conductance and suscept- 
ance with current for a restricted discharge. 


The voltage drop was increased, however, due to the 
abnormal glow condition. Conductance and susceptance 
values for the restricted discharge are plotted in Fig. 7. 
At high current. values beyond the indicated unstable 
point, the cathode glow jumped around the collar and 
returned to a condition of unrestricted discharge. It may 
be observed that restriction of the discharge increases 
the susceptance and decreases the conductance of the 
ionized region. 
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Bridged Reactance-Resistance Networks 
G. R. HARRIST 


Summary—Consideration is given to the various possible six- 
arm, six-element RC bridged networks of which the parallel-tee is 
the previously known example. It is found that six symmetrical RC 
structures exist having the infinite attenuation property of the paral- 
lel-tee and other properties differing from those of this structure. The 
duality of certain pairs of such structures is demonstrated. 


Score oF Tuts PAPER 
T HIS PAPER is limited to the development of cer- 


tain networks having six arms only, each arm 
comprising a single resistance or reactance of 
common sign. The chief property of interest of these 
networks is the infinite attenuation attained at some 
real frequency determined by the network constants. 
The designation “bridged” for this class of networks 
is descriptive of less than half the number found, but is 
adopted by analogy with the familiar bridged-tee con- 
figuration, which is at the same time a pi in series with 
a single shunt arm. 


THE PROBLEM 


A familiar example of the above-defined class is the 
parallel-tee configuration of resistances and reactances, 
usually capacitive. This structure has been employed 
for a variety of purposes: as a power-supply filter,’ a 
radio-frequency bridge,? a frequency-determining ele- 
ment of an oscillator? a selective amplifier,’ low- and 
high-pass filters a linear frequency discriminator,® a 
motor control circuit," and others. 

In view of this fairly extensive application, extending 
over a period of ten years or more it is of interest to in- 
quire whether the parallel-tee configuration is the only 
three-terminal configuration of resistances and capaci- 
tances (or inductances) capable of affording infinite sup- 
pression at a selected frequency. It will be shown that 
the parallel-tee is not in fact unique, but is a member of 
a class of six six-arm structures having this property. 


DEVELOPMENT OF EQUIVALENT NETWORKS 


The parallel-tee configuration, including its two 
terminating impedances, can be drawn in generalized 


* Decimal classification: R143. Original manuscript received 
by the Institute, October 29, 1948; revised manuscript received, 
February 23, 1949, 

T Jones & Laughlin Steel Corporation, Pittsburgh, Pa. 

! H. W. Augustadt, United States Patent No. 2,106,785; 1938. 

* W. N. Tuttle, “Bridged-T and parallel-T null circuits for meas- 
urements at radio frequencies,” Proc. I.R.E., vol. 28, pp. 23-30; 
January, 1940. 

* W. G. Shepherd and R. O. Wise, *Variable-frequency bridge- 
type frequency-stabilized oscillators,” PRoc. LR.E., vol. 31, pp. 256- 
269; June, 1943. 

* H. H. Scott, *A new type of selective circuit and some applica- 
tions," PRoc. I.R.E., vol. 26, pp. 226-236; February, 1938. 

t G. J. Thiessen, “R-C filter circuits," Jour. Acous. Soc. Amer., 
vol. 16, pp. 275-279; April, 1945. 
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form as the cight-arm mesh of Fig. 1. This mesh can be 
considered either as a configuration of impedances or 
admittances; it happens that the equation stating the 


j 
' (4) 


conditions for infinite attenuation of the parallel-tee 
falls in a more elegant form when expressed in admit- 
tances. For half of the networks to be developed, how- 
ever, the reverse is true, and thus it is convenient to be- 
gin with both forms of the mesh in Fig. 1. It will be 
noted that the subscripts of the chord impedances of 
Fig. 1(a) are those of the branch admittances of Fig. 
1(b), and vice versa. This inversion brings the equations 
for dual networks into parallel form and halves the 
number of equations to be solved. 

If the opposite branches Y; and Y; of Fig. 1(b) are 
made the terminating impedances, the parallel-tee con- 
figuration of Fig. 2 appears. If, however, opposite 
chords are made terminating impedances, as Z; and Z; 
of Fig. 1(a), the configuration of Fig. 3 is obtained. 
These two networks are dual, as the series and shunt 
arms of either one appear as the correspondingly num- 
bered shunt and series arms, respectively, of the other. 
The configuration of Fig. 3 might well be called a series- 
pi network by analogy with the parallel-tee of Fig. 2. 


Fig. 1 


Zi 


Fig. 3 


Two other symmetrical configurations may be ob- 
tained by making adjacent chords of Fig. 1(b) and 
adjacent branches of Fig. 1(a) the terminating im- 
pedances. If Y; and Y, are so chosen in the first of these 


I 


——3. 


cases, the configuration of Fig. 4 results. This may be | 
called a shunt-ladder network, since it is in fact a ladder | 


m 


pee 
| 1949 


in series with a single shunt arm. If Zs and Zs are chosen 
as terminating impedances, the configuration of Fig. 5 
appears, which may be called a bridged-ladder. The net- 
works of Figs. 4 and 5 are dual. 


Harris: Bridged Reactance- Resistance Networks 


883 


CQNDITIONS FOR BALANCE 


All four of the networks developed above, if con- 
sidered as symmetrical about a vertical center line, have, 
of course, lattice equivalents, which may be easily de- 
rived through Bartlett's bisection theorem. It is, there- 
fore, convenient and not inaccurate to speak of the con- 
ditions for infinite attenuation as the balance condi- 
tions. 

Balance conditions may be determined by setting up 
the general circuit equations in terms of E, J, and either 


Fig.4 Y or Z, and equating either E or J to zero. As the net- 
work of Fig. 3 is drawn as a configuration of imped- 
E NO ances, it will be convenient to determine its balance 
conditions from its mesh equations. The order of the 
A m meshes is obvious from Fig. 1(a) when E, the applied 
< voltage, is considered to be in series with Z,. The mesh 
currents are taken as flowing clockwise in each mesh. 
Fig. 5 : 
E = IZ +Z: +Z) — Ike 0 — Ls 
0= — 1,2, + IZ: +Z: +2) — Dh 0 
020 — IZ, + IZ + Zs + Ze) — Ils 
0 = — £s 0 — 1326 + (Ze +Z: + Zs) 
à — Za Za +Z: +Z, 0 | 
I — E 0 T Z4 E Ze 
— Zs 0 Ze Z1 Zs 
A 


The graphic method described by Tellegen? may be 
used to demonstrate the duality of these two pairs of 
configurations. If the configuration of Fig. 4, for exam- 
ple, is drawn in solid lines as in Fig. 6; a node placed in 
each of the four meshes of this configuration, as well as 


c ANS E 
L.-^ Au d vm J 


one outside corresponding to the mesh circumscribing 
the configuration; and branches drawn from node to 
node so that each node is the junction of as many 
branches as its corresponding mesh has chords, then the 
dotted-line configuration of Fig. 6 is obtained. The 
dotted-line configuration is the dual of the solid-line 
configuration, and is seen to be the configuration of 
[ Fig. 5 previously developed. 


8 B. D. H. Telle en, "Geometrical configurations and duality of 
SEM networks," Phil. Tech. Rev., vol. 5, pp. 324—330; November, 


where A is the full determinant. The requirement for 
balance is that J;=0. If this substitution is made in the 
above expression, the minor is easily expanded to: 


0 = ZZZ +Z + Za) +Z: +Z: +Z) (1) 


which expresses the conditions of balance for the net- 
work of Fig. 3. If the Z's in (1) are replaced by Y's of 
the same subscripts, the resulting equation in Y’s ex- 
presses the conditions of balance for the parallel-tee 
network of Fig. 2. 

The balance equation for the networks of Figs. 4 and 
5 is derived in the same manner, and is found to be, for 
the shunt-ladder configuration of Fig. 4: 


0 = Y3Vs(Y4 + Ys + Ye) + Ys(YasYe + YY) 


+ YíAVe(Yi + Ya + Ys + V3). (2) 


This equation in Z's applies to the bridged-ladder con- 
figuration of Fig. 5. 


PHYSICALLY REALIZABLE STRUCTURES: PARALLEL-TEE 
AND SERIES-PI 


As has been mentioned, this paper is confined to six- 
arm structures of six elements only. Since RC networks 
are of more general application than AL networks, the 
latter will not be discussed, although it is obvious that 
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for every RC structure considered, a corresponding RL 
structure exists. 


Fig. 7 


The RC parallel-tee structure corresponding to Fig. 2 
is that of Fig. 7. Its balance conditions are expressed 
in general terms by the Y form of (1) above 


0- YY (Ye + Yi Ys) d V4Ys(Y; sd uu V). 
Substituting gs, ge, gs, jb2, jos. and jb; for the cor- 
responding Y's gives: 
= — bobs(ge + gs + jb) + gegs(ga + jib T b].) 


The real and imaginary terms may be separated and 
equated to zero in the usual manner: 


Real: EsEega = bobalge + gs) (3) 
Imaginary: babab = (b2 + bi) gegs. (4) 


At this point it is convenient to replace the g's and 
b's by the R’s and C's of Fig. 7: 


1 1 1 
Vere (z he =) = E13 
S $ Rs Rs R;ReRs 
w(C2 + C4) 
"CQCC; = —— - 
w C4 7 RR: 
1 
w= n" —— (5) 
CoC,R3(Ro + Rs) 
C; TC 
w = (6) 
CWC RRs 
1 LJ 
ETT G 
2m CCR Re + Rs) 
1 / T 
jm (8) 
2r CC 4C? RRs 
If (5) is equated to (6), 
(Co + Ca)C2CiRs(Re + Rs) = CiCsCiRsRs 
Ca +C: RRs 
—— = —. (9) 
Cs R3(Re + Ry) 


The balance conditions for the structure of Fig. 7 may 
thus be expressed by two equations, either (7) or (8), and 
(9), the latter being independent of frequency. 

The RC structure corresponding to the configuration 
of Fig. 3 is that of Fig. 8, the dual of Fig. 7. It is, of 
course, unnecessary to derive its balance equations, as 
they may be obtained from (5) through (9) previously 
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: q ; 
derived merely by replacing all C's with A's of corre- 
sponding subscripts, and vice versa. These correspond- 


ing equations are: 


Imaginary: w? = RaRC3(Co + Cr) (10) 
R: + R; 
: w? = (11) 
Real: w RRRCLs 
1 
= 5; : 2 (12) 
Jm RoR C3(C 6 + C3) 
1 / RitR 
f / —— (13) 
2c RaRa RC Ca 
Ro + R CL 
i 2 + 4 = 6-8 y (14) 
R; C3(Co + Cs) 


Either of (12) or (13) together with (14) expresses 
the balance conditions for the structure of Fig. 8. 


C3 
R2 R4 
Ca C6 
R7 
Fig. 8 


PHYSICALLY REALIZABLE STRUCTURES: SHUNT- 
LADDER AND BRIDGED-LADDER 


The parallel-tee RC structure discussed above was 
previously known, and the series-pi is its dual. The 
problem of deriving real RC structures for the net- 
works of Figs. 4and 5 however, is less easy of approach. 
Analogy with the previously developed structures and 
regard for symmetry suggest that if the three shunt 
arms, Ya, Ys, and Y; of Fig. 4, are made capacitances, 
the remaining arms must be resistances and the struc- 
ture of Fig. 9 is thus obtained. Hts balance equations 


Fig. 9 


may be derived from (2) by substituting the conduct- 


ances and susceptances of Fig. 9 for the generalized ad- 
mittances : 


0 = — bybi(g, + £c + jbs) + jbs(gojbs + gajb:) 
+ gage(gi + jb; + bs + b7]). 


Phe real and imaginary terms of the 
separated and equated to zero: 


Real: 


Imaginary: 


above may be 4 


818486 — bsbilga + ge) — bs(gebs + gab). = 0 
bsbsb; — gagelba +b, + bi) = 0. 


— i 3. 
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In terms of the element designations of Fig. 9 these 
equations become: 


Real: 1 = Ryw*N(RiCi|C: + Cs] + ReCr[Cs + Cs}) (13) 
; ee Css Cate Cz 
Imaginary: w = en (16) 
RíAR4C3CsC? 
or 
1 Cs +C,+C; 
f= m (17) 


Jm | Ry ReCaxC5C7 


If the value for w? of (16) is substituted in (15) the re- 
sulting equation is: 


RyRC3C3Cz 
Ri(Cs- Cs - C) 


The balance conditions for the structure of Fig. 9 may 
thus be expressed by (17) and (18), the first giving the 
frequency at which balance occurs, and the second a 
relation which the network elements must satisfy. 

Although the networks of Figs. 7 and 8 are the only 
possible symmetrical RC structures corresponding to the 
configurations of Figs. 2 and 3, the structure of Fig. 9 is 
not a unique embodiment of the configuration of Fig. 4. 
If arms Ys, Ys, and Y; are made resistances and the re- 
maining arms capacitances, the structure of Fig. 10 is 


= RaCy(Cz4- C3) + RCC 4- C3). (18) 


ca é6 
R3 R5 R7 
{i Ci 
Fig. 10 


obtained. Its balance equations, obtained as before, are: 


Real: 1 = w'CQC4( RR: + RaRz + RsRs) (19) 
CyA(R R C«(R R 
Imaginary: w'Ci1C4Cs = - esa EE $ ad X (20) 
R3R;R7 
From these are derived: 
1 
z TEENE (21) 
2n /C,Ce( RRi + RRi + RsRs) 
and 
Ca Rat Rs) +Co(Rs-+ R3) R3R3R7 (22) 
Ci (ORE RyRi RRs 


The bridged-ladder structures dual to the shunt-lad- 
der structures of Figs. 9 and 10 may now be drawn im- 


Ci 


R3 R5 R7 
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mediately as Figs. 11 and 12, respectively, and their 

balance equations written down by inspection of those 

previously obtained. These equations for the structure 

of Fig. 11 are: 

E 1 /Ra + Rs + Ri (23) 
2r C4C«R;R Ri 


CaCa RRR 
AT CRR Ro) +CoRo( Rat Ry). 
Ci( Ra- s+ R;) 
The equations of balance for the structure of lig. 12 
are: 


(24) 


1 


pu —— —— = (25) 
Qe\/RaRol(CsCr + CaCs + C3C3) 
Ri(Ca + Cs) + RolCs + C) AE CXiCi -. (26) 
Ri CyC: + C3Cs + CXC 
i} 
C3 C5 C7 
R4 R6 


Fig. 12 


PROPERTIES OF SIMPLIFIED STRUCTURES 


When elements of the structures of Figs. 7-12, in- 
clusive, are duplicated or triplicated, the balance equa- 
tions reduce to more manageable forms, and, inciden- 
tally, reveal network properties which are masked by the 
general equations (7) through (26). If in the structures 
of Figs. 7 and 8 the elements having subscripts 2 and 6 
are set equal to those of subscripts 4 and 8, respectively, 
the equations of balance become: 


For Fig. 7: i 
= - E (27) 
2r v/2Cox/ RsR 
or 
S2. 
f= A (28) 
2r ReV/CiC: 
and 
4C, R 
VR VE (29) 
Cr R 
For Figure 8: 
1 
f= = — (30) 
2c / 2RiV/CiCe 
or 
2 
V 
f= = (31) 
2rCeV RR; 
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and 


(32) 


As the properties of the parallel-tee have been discussed 
rather extensively and those of the series-pi are identi- 
cal, no further consideration will be given them here. 

If in the structures of Figs. 9-12, inclusive, elements 
of subscripts 3 and 4 are set equal to those of subscripts 
7 and 6, respectively, the equations of balance become: 
For Fig. 9: 


eee 
V C, 
—— (33) 
QnC3R, 
Re wee 0: 
—=—+-—4+6 (34) 
Ree Ge m E 
For Fig. 10: 
1 - 
J= (35) 
RC 4/1 + 2 ks 
; 3 
Ci 4R; 2R; L 
as Sun (36) 
Gy R; R; 
For Fig. 11: Í 
2R; 
419 
i : (37) 
— = D 
IRC, 
e HRs ORs n? 
Gn phate hee n 
For Fig. 12: 
1 
Je ; (39) 
CR y 1 +2 E 
C3 
RIA dioit 0 x . um 
= = ). 
R G IG 


These equations are significantly different from the 
corresponding equations (27) through (32). The fre- 
quency-determining equations here contain a term 
which is a ratio of two like elements; this makes it pos- 
sible to multiply or divide within certain limits the fre- 
quency determined by the duplicated elements. Con- 
sider, for example, (33) and (34), which apply to Fig. 9. 
If C;/C,=1, these become: 


/3 
N 
- (41) 
QnCsRe 
PEE (42 
TENES ) 
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Suppose, however, that C/C; —2. Then 


V5 
= (43) 
2nC3Ry 
R 
eS (44) 
R, 


A more interesting property appears from further con- 
sideration of these equations. Suppose C:/C;=1/2. 
Then 


2 
= Me (45) 
2rCsR, 
R; 
— = 12. (46) 
R, 


For given values of C3, Ry, and R, there are two inde- 
pendent frequencies of balance, (41) and (45), corre- 
responding to two particular values of Cs. This double 
frequency of balance results from the form of (34) and 
corresponding equations for the other structures of this 
group. 
In (34) for example, let Ry/R;=P, and C/C =Q. 
The equation then becomes: 
2 
diatur (47) 


It has been shown just previously that P —12 for two 
different values of Q. The minimum values of P and 
Q are obtained in the usual manner by differentiating 
P with respect to Q and setting the derivative equal to 
Zero. 


dP 2 
—— i 4 — — = O 
dO QO 
» 
edic 
1 
Qmin = —- or 0.707 (48) 
V2 
4 ^ 
Poin = —7- + 2/2 + 6 = 11.656. (49) 
V2 


Values of P less than this cannot be chosen if real results 
are to be obtained from (33) through (40). A graph of 
(47) is shown in Fig. 13, the Q scale being logarithmic. 
Drawn in this manner, the curve is a parabola. 

The shunt-ladder and bridged-ladder structures dif- 
fer from the parallel-tee and series-pi in still another 
way. It is possible to make either all R’s or all C's the 
same value in both the latter two structures, but not in 
former structures, In the shunt-ladder and bridged- 
ladder configurations, the three resistances or capaci- 
tances occupying similar arms may be made equal, but 
not the elements of the other three arms. In Fig. 9, for 
example, all C's can be made equal, but not the R's; in 


—= tt” 
| 1949 


Fig. 10 the R's can be made equal, but not the C's. This 
follows from (49) which shows that the minimum value 
of P isa little less than 12. 


3 CTY aso 2 EE EMEN 2 


Q 
Fig. 13 


Although this paper will not discuss particular ap- 
plications of the structures considered, some practical 
advantages of the shunt-ladder and bridged-ladder 
structures will be briefly mentioned. Where networks 
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balancing at low frequencies are desired, the structure 
of Fig. 12 offers economies in the size of the capacitances 
required. Where a high frequency balance is wanted, 
the structure of Fig. 9 is more suitable, as its capaci- 
tance values may be made appreciably larger for a given 
balance frequency than those of the others. The struc- 
ture of Fig. 9 is useful if the three capacitances are to 
be varied, as they have a common terminal. This ter- 
minal need not be too far above ground potential, since 
the ratio of the series to the shunt resistances may be 
made fairly large. 


ADDITIONAL NETWORKS 


The configurations of Figs. 2 through 5 are not all 
those which may be developed from the mesh of Fig. 1. 
Two other such exist, but as they are not symmetrical 
and do not appear to possess any properties not previ- 
ously known, they will be mentioned only briefly. One 
is obtained from making an adjoining branch and chord 
the terminating impedances; the resulting three-ter- 
minal configuration cannot be embodied in an RC struc- 
ture which balances at any real frequency. The other 
is obtained from making an opposite branch and chord 
the terminating impedances; the resulting four-terminal 
configuration is that of the well-known Anderson 
Bridge. It is possible to balance this structure when 
only two of its six arms are capacitances, but in this 
respect it merely equals the Wien RC Bridge. Each of 
these additional configurations is its own dual. 


Ionospheric Virtual Height Measurements 


at 100 Kilocycles’ 


ROBERT A. HELLIWELLf, ASSOCIATE, IRE 


Summary—A simple high-power ionosphere sounding equipment 
for use at low frequencies is described. Its application to the meas- 
urement of virtual height at vertical incidence at a carrier frequency 
of 100 kc is reported. Results of nearly a year of intermittent night- 
time measurements showed a remarkably large variation in virtual 

». height which ranged from about 34 km to as high as 106 km. Some 
evidence was found to indicate that frequently at night the reflecting 
region consists of clouds or patches of ionization, rather than the 
more nearly uniform ionization characteristic of the regular layers 
at high frequencies. A rotation of the polarization of the reflected 
signal with respect to that of the transmitted signal was observed. 


Il. INTRODUCTION 


ECENTLY, considerable interest has arisen in 

R the behavior of the ionosphere at low and very 
low frequencies. The development of low-fre- 

,,, quency precision aids to navigation, such as lf Loran, 


* Decimal classification: R248.13 X R113.602.21. Original manu- 
script received by the Institute, September 20, 1948; revised manu- 
script reccived, March 18, 1949. 

t Stanford University, Stanford, Calif. 


has necessitated a detailed knowledge of the variations 
in the electrical properties of the ionospheric reflecting 
region at these frequencies. Of particular interest is the 
virtual height! of reflection of low frequency sky-wave 
signals, for upon the virtual height depends the time 
delay and arrival angle of a sky wave. It is the purpose 
of this paper to report the initial results of virtual height 
measurements made at a carrier frequency of 100 kc, 
and to describe the special equipment developed for 
this purpose. 

Much of the knowledge of the electrical and physical 
properties of the upper atmosphere has been obtained 
directly or indirectly by radio methods applied mainly 
at frequencies above 500 kc. The foremost of these is the 
group retardation or “pulse” method of Breit and Tuve 
which gives the virtual height of reflection of a short 
pulse at a given carrier frequency. Because the heights 

! “Virtual height” is defined as the height at which a signal would 


be releet if the ionosphere were replaced by a perfectly reflecting 
surface. 
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at which propagation is influenced by the presence of 
ionization tend to increase with the frequency, the char- 
acteristics of the lowest regions of the ionosphere can 
best be investigated by radio methods only at low fre- 
quencies. Thus it would seem that the study of the 
ionospheric reflections of low-frequency waves offers an 
excellent means of increasing our knowledge of the 
lower ionosphere. 

A limited amount of data on the propagation of sky 
waves at very low frequencies have been obtained by the 
continuous-wave interference method? and by the ob- 
servation of signals from lightning discharges.? In the 
continuous-wave technique, variations in effective 
height are determined from changes in the relative 
phase of ground and reflected waves arriving at a dis- 
tant receiver. Polarization and field intensity can also 
be determined by this method. One of its limitations is 
the difficulty in interpreting the results when more than 
one reflected wave is present, which is the usual situa- 
tion during nighttime. Another difficulty arises in at- 
tempting to apply the method at vertical incidence, 
where one must somehow attenuate the ground wave 
by several orders of magnitude. 

The other method makes use of the fact that a light- 
ning discharge radiates a pulse-type signal which is 
short enough to permit the resolution of multiple reflec- 
tions between earth and ionosphere. The virtual height 
of the reflecting layer and the distance of the source 
are found from a measurement of the relative times of 
arrival of three or more pulses which have been reflected 
from the ionosphere a known number of times. This 
method is fundamentally restricted to very low fre- 
quencies, since the principal frequency components in a 
typical lightning discharge lie below about twenty kc. 
Various practical limitations prevent the fullest utiliza- 

? J. E. Best, J. A. Ratcliffe, and M. V. Wilkes, “Experimental in- 
vestigations of very long waves reflected from the ionosphere,” Proc. 
Roy. Soc., vol. 156, pp. 614-633; September, 1936. 


3B. F. J. Schonland, et al., “The wave form of atmospherics at 
night," Proc. Roy. Soc., vol. 176, pp. 180-202; October, 1910. 
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tion of these natural radio signals. These include the 
difficulty of determining the location and exact char- 
acter of the discharge. Furthermore, there is evidence 
to indicate that abnormal ionization may be produced 
above a thunderstorm. If this be the case, then vertical- 
incidence measurements of the normal ionosphere would 
be impossible when using this method. 


IIl. APPARATUS 
General Description 


The transmitted pulse consists of an exponentially 
damped oscillation which is produced about once every 
second by directly exciting a large “inverted-L” type of 
antenna. This’ pulse travels by way of the ground and 
the ionosphere to the receiver, located 2.7 km away. A 
block diagram of the system is shown in Fig. 1. The 
ground and principal sky waves are radiated by the 
30-meter high vertical part and the 440- meter. long 
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Fig. 1—Block diagram. 


horizontal part of the antenna, respectively. Since the 
antenna is less than a quarter-wave long at 100 kc, a 
loading inductance (Z4) is required to tune the antenna 
to resonance. Energy for the pulse is obtained by slowly 
charging a relatively large capacitor C, through a high 
resistance R, from a dc source of high voltage ranging 
from 100 to 200 kv. The charged capacitor is connected 
in series with the antenna by means of a variable-length 


Fig. 2—Transmitter site. 
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sphere gap. One of the spheres is mounted on an arm 
which rotates at a rate of about 1 rps. An instant before 
the moving sphere reaches the position nearest the fixed 
sphere, the gap breaks down and the energy stored in 
the capacitor flows into the inductance and the antenna 
which may be regarded simply as a transmission line. 
The repeated reflections of diminishing amplitude pro- 
vide an exponentially damped oscillation whose period 
depends primarily on the line length and the size of Li, 
and whose time constant depends primarily on the re- 
sistance of the ground connection. To reduce the pulse 
length, additional resistance may be placed in series 
with the antenna. With typical circuit constants, no ex- 
ternal resistance, and an applied voltage of 100 kv, the 
peak current in the pulse is 200 amperes, and the time 
constant is 150 us. A photograph of the transmitting 
antenna and the Ryan High Voltage Laboratory is 
shown in Fig. 2. 

The principal receiving problem is obtaining an ade- 
quate signal-to-noise ratio. In spite of the large current 
flowing in the transmitting antenna, the power radiated 
from the horizontal part is only of the order of 1 kw 
because of the extremely low radiation resistance. At 
low frequencies and at low and medium latitudes, 
atmospheric static is usually the limiting factor in re- 
cciver sensitivity. À substantial reduction in the pickup 
of such static is effected by use of a balanced horizontal 


Fig. 3— Receiver site. 
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dipole which is relatively insensitive to signals arriving 
at low vertical augles. To permit the “nulling out" of 
ground waves and to allow the polarization of the down- 
coming waves to be investigated, the dipole is uni- 
versally mounted. Azimuth and tilt are controlled at 
the receiver by two sets of selsyns. By proper orienta- 
tion of the dipole in the horizontal plane, its response to 
vertically polarized signals can be reduced by 60 db be- 
low that with the dipole vertical. The dipole is shown 
in the photograph of the receiving site in Fig. 3. 

The pulses picked up by the dipole are amplified by a 
simple broadband TRF receiver of straightforward de- 
sign. The output of the receiver is fed to a five-inch os- 
cilloscope whose time base is triggered slightly in ad- 
vance of the arrival of the ground pulse at the indicator 
by the strong ground pulse which is received on a 
broadly tuned vertical antenna. The time delay of the 
echoes with respect to the ground pulse is measured by 
means of timing markers which are derived from a 30- 
kc ringing oscillator. The ringing oscillator is triggered 
by the oscilloscope gate voltage. A photographic record 
of each trace is made with a motor-driven single-shot 
16-mm movie camera, which is controlled by the gate 
voltage from the oscilloscope in such a way that the film 
moves ahead one frame each time the sweep is trig- 
gered. The time is indicated on each frame by a seconds- 
counter situated in the upper right-hand corner directly 
in front of the cathode-ray tube. 


Power Supply 


With the relatively low repetition rate of one pulse 
every one and one-half seconds, the average demand 
from the power supply is small, being about twenty 
watts under typical operating conditions. A maximum 
voltage of about 200 kv is obtained from nine cascaded 
half-wave rectifiers which are supplied from a 23-kv, 
60-cycle transformer. A simplified schematic of the sup- 
ply is shown in Fig. 4. Each stage consists of two 27,000- 
volt, 0.125-uf capacitors in series with a half-wave high- 
vacuum rectifier, type 250R. To avoid the problem of 
filament transformer insulation, the filament power is 
obtained from a 1-kw 450-kc oscillator which supplies 
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Fig. 4—Power supply schematic. 
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a current of one ampere to the autotransformer pri- 
maries which are connected in series through the capaci- 
tors. The secondaries supply the required filament cur- 
rent of ten amperes to each of the nine rectifiers. 

Each autotransformer is tuned approximately to reso- 
nance by means of a shunt capacitance. The effect of 
variations in primary current from stage to stage is 
compensated by individually adjusting the tuning of 
each stage. The measurement of filament power is read- 
ily made with the aid of an optical pyrometer which is 
first calibrated, using a filament carrying a known effec- 
tive current. 

Over-voltage protection is provided by spark gaps 
connected across each capacitor, and “transmit-re- 
ceive” gas tubes connected across each auto trans- 
former. 


Antenna Current 


The current which flows in the antenna can be deter- 
mined by considering the circuit to be made up of an 
inductance in series with a transmission line and a 
source of voltage. It is assumed that the capacitance C, 
which appears in the block diagram of Fig. 1, is so large 
compared with the antenna capacitance that the varia- 
tion in voltage across C during the charging of the line is 
small and can be neglected to a good approxintation. 

The method of solution most adaptable to the present 
problem is to consider the total current to be the super- 
position of a series of sinusoidal components. Their 
amplitudes and frequencies may be determined by solv- 
ing the transmission line differential equations in the 
presence of the given initial and boundary conditions by 
the method of the Laplace Transformation.* From such 
an analysis one finds the current at a distance x from 
the sending end of the line to be 


4E = 
— 3, sin 2rfat 


1-2 
TZO nel 
fia 
and the frequency of the nth mode to be given by 
x f Zo 
tan E (2) 


QUU TES 


where 

E — voltage of source capacitor 

zo characteristic impedance of line 

f^ — frequency of the nth mode of oscillation 

fo c/4l — natural resonant frequency of line 
c — velocity of light 
i — length of line 

Lı =loading inductance. 


* H. S. Carslaw and J.C. Jaeger, “Operational Methods in Applied 
Mathematics,” Osford University Press, 1941. 
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Equation (1) is useful in obtaining the amplitude of 
the fundamental component of current from which the 
field intensity of the radiated wave may be calculated. 
Equation (2), which is best solved graphically, gives the 
loading inductance required to tune the line to the de- 
sired frequency. 


Field Intensity 


The complete expression for the radiation components 
of the field produced by an "I'" antenna is rather in- | 
volved; however, for vertical incidence work, the field 
intensity of interest is that directly above the antenna. 
This may be computed readily by assuming a sinusoidal 
current distribution on the antenna, and adding the 
direct and ground-reflected components produced by | 
the horizontal part. This leads to the following expres- 
sion for the magnitude of the field intensity in volts per 
meter at the receiving antenna assuming unity reflec- 
tion coefficient at the ionosphere: 


2b 
— cos — 
. 301, 
xc ay ]l — rr ‘aT 1— rr an j 3 
1 EN / (3) 
sin 27 - 
À 


where 

Io = base current in amperes 

d — total path distance in meters 

b=length of transmitting antenna flat top in 
meters 

à — height of transmitting antenna above ground 

\=operating wavelength in meters 

rr, R= magnitudes of ground reflection coefficients at 

transmitter and receiver, respectively (normal 
incidence, horizontal polarization) 


Tf, 2nfiL; à Tfn ] 
X — ——— sin e 
Ifo Zo 2l fo 
DET ELT LEA ES 1) 
L qu ( 
I4 — + in (7) ] 
Zo Zo 
SA v 
4ra 
ar — prd — 
À 
Anh 
OR = pr — 
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Pr, Pr = phase angles of ground retlection coefficients at 
transmitter and receiver, respectively (normal 
incidence, horizontal polar) 

h=height of receiving antenna above ground. 

As an illustration of the magnitude of the field inten- 4 

sity to be expected, it is found that in a typical case in 


$ dena 7 ate 
G. W. Pierce, “Electric Oscillations and Electric Waves," Mc- 


e Book Co., Inc., New York, N, Y., First Edition, 1920, | 
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which 7,2302 amperes and d — 180 km (round trip dis- 
tance to ionosphere), the peak field intensity at the re- 
ceiving dipole calculated from (3) is 340 uv per meter. 


It is of interest to note that, for an antenna which is. 


elevated only a small fraction of a wavelength above 
ground, as is the case here, the upward field is increased 
appreciably as the soil conductivity is reduced. 

The practical measurement of the peak field intensity 
of the reflected pulses may be carried out by calibrating 
the receiver in terms of the total field present at the 
antenna. This calibration is effected by using the ground 
pulse as a standard field? in which the dipole is oriented 
at a known angle, with respect to the electric vector of 
the ground wave. 

Under favorable conditions, a loop antenna may be 
used directly to measure the strength of the downcoming 
echoes. Usually, however, the response of a loop to noise 
and interfering signals is too great to permit such 
measurement. 


Recetver 


The receiver used in these experiments is a simple 
TRF type having three tuned circuits (not counting the 
tuned antenna). The dipole transmission line is coupled 
to the receiver through an electrostatically shielded 
transformer, the over-all bandwidth of which is about 
25 Kc: 5 

The pulse response of the receiver is best described 
by the oscillogram of Fig. 5, which shows the form of the 
75-us ground pulse as it appeared on the indicator. The 


Fig..5 —Ground pulse, T 215 ys, 5-km markers. 


negative pips are timing markers spaced 331 us apart. 
The pulse rise time is seen to be about 30 us and the 
duration measured to one-third peak amplitude is about 
150 ys, or twice the input time constant. 'The wideband 
of the detector and following circuits permits some rip- 
ple of twice the carrier frequency to appear on the out- 
put pulse. This ripple is actually quite useful, since it 
serves as a time scale for measuring pulse rise time more 
accurately than is possible with the 5-km markers. 


* The ficld intensity of the ground wave may be measured ap- 
proximately with a loop-type intensity meter in which the induced 
pulse is matched by a dies inserted pulse of known peak ampli- 
tude. The approximation is that the ellsctive height of the loop is 
assumed the same for the sideband components of the pulse as for 
the carrier, although it actually varies directly with frequency for a 
small loop. 
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III. RESULTS 
Virtual Heights 


Apparatus of the type described in previous sections 
has been used to measure the virtual heights of the night- 
time E layer of the ionosphere at a carrier frequency of 
100 kc. These measurements, made on several occasions 
from the fall of 1947 to the summer of 1948, show cer- 
tain interesting effects which will be described. 

A rather unusual oscillogram was selected to illustrate 
the measurement technique, and is shown in Fig. 6. It is 
unusual in that it is easy to explain. The effective be- 
ginning of the ground pulse coincides with the start of 
the trace and the timing markers. The limiter in the 
receiver flattened the top of the ground pulse and thus 
prevented the otherwise excessively strong ground pulse 
from carrying the timing markers out of the picture. The 
virtual height or time delay of the first reflection is 
measured between corresponding parts of the ground 


Fig. 6—Single reflection, 2250: 07 PST, July 19, 1948, 7 —75 us, 
5-km markers. 


pulse and the reflection. The simplest procedure is to 
extrapolate to the base line the linear part of the leading 
edge of the reflection and measure the time delay from 
the beginning of the sweep. Accordingly, the time delay 
of the first reflection is found by counting the number of 
30-kc timing markers, which is 20.9. This corresponds 
to a time delay of 698 us. To find the total time required 
for transmission over the almost vertical path (horizon- 
tal reflecting. layer assumed), we add the time re- 
quired for transmission of the ground pulse from trans- 
mitter to receiver. Since this distance is 2.70 km, the 
correction is 9.0 us, assuming ground-wave propagation 
at the velocity of light. Thus the total time delay was 
707 us. Although the equivalent path in this case is 
triangular, the base of the triangle is short, compared 
with the height of the reflecting region. Assuming the 
triangle to be isosceles, the half angle at the apex is in 
this case sin! 9/707 = 44 minutes of arc. It is thus clear 
that the difference between the hypotenuse and the al- 
titude of the triangular path may be neglected. The 
virtual height of the one-hop reflection is accordingly 
found by multiplying the velocity of light by one-half 
the measured time delay, which gives a value of 106 
km. Fig. 6 also shows a two-hop reflection; i.e., a pulse 
that has made two roundtrips between the earth and 
ionosphere. Its virtual height, including the base line 
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correction, is 210 km. One-half the height of the two- 
hop reflection should equal the height of the one-hop 
reflection. In this case, the difference is 1 km, which is 
the over-all error of measurement in the case of well- 
defined reflections such as those of Fig. 6. It should be 
observed that the reflection points, or areas, for two- 
hop reflection do not coincide with those for one-hop 
reflection. Although the separation is only 0.7 km in a 
horizontally stratified layer, it would be greater if the 
layer were concave downward. When the region is not 
horizontally stratified, the propagation characteristics 
of the two-hop reflection in general will not be the same 
as those of the one-hop reflection. A tilted ground plane 
will likewise affect the paths followed by a multihop 
signal. These factors must be considered in attempting 
to account for occasional differences in the virtual 
heights obtained from a one-hop reflection and various 
multihop reflections. 

The rise time of both the one-hop and two-hop re- 
flections is about 30 us, which is the same as the rise 
time of the ground pulse, while the shape of the tail of 
the one-hop pulse closely approximates that of the 
ground pulse in Fig. 5. The slight fore-shortening of the 
two-hop pulse is believed to result principally from the 
nonlinear response of the diode detector at low signal 
levels. ; 
Virtual heights determined in the manner outlined 
above have been obtained from several thousand oscil- 
lograms taken on various nights from October 13, 1947, 
to July 1, 1948. In cases of splitting (discussed below) 
the first pulse was used. The median virtual height for 
each minute during which data were taken is plotted in 
Fig. 7. The time is indicated in minutes after the 
Pacific Standard Time of the beginning of cach run. 
Perhaps the most noticeable feature of the data is the 
irregular character of the variations in height, which 
ranges from 84 to 106 km. During some periods the 
height remained practically constant for as long as ten 
minutes. For example, on the January 28 run, the height 
remained at 96 km +1 km from 2108 to 2119 PST. At 
other times, however, theheight varied widely. Thus on 
October 13, 1947, the height varied between 106 and 93 
km in a ten-minute interval. The values which occurred 
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Fig. 7— Nighttime virtual heights at 100 kc. 
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most frequently in the entire group of data were 91 and 
96 km, while the average height was 95.2 km. 
An interesting variation in virtual height occurred on 


February 26, 1948. Referring to Fig. 7, one can see that 


the variation tends to be cyclic with a period of about 
ten minutes. Possibly it is associated in some way with 
air currents in the upper atmosphere. 

The virtual heights reported here are somewhat 
higher than those measured by the continuous-wave and 
hightning-discharge methods described briefly in the 
introduction. Thus Best, Ratcliffe, and Wilkes? found 
nighttime virtual heights of about 90 km at a frequency 
of 16 ke using continuous waves over an oblique-in- 
cidence path. Others, studying the signals from light- 
ning discharges, found heights ranging from about 60 
to 90 km;,?? the higher values being obtained at night. 
The difference may be explained by the fact that lower- 
ing the frequency and increasing the angle of incidence 
reduces the ionization density required for reflection, 
and hence lowers the virtual height in the case of à 
single laver. 


Field Intensity 


Absolute field intensities were not measured except 
towards the end of the period, with which this paper is 
concerned. The field intensities of the one-hop and two- 
hop reflections appearing on the oscillogram of Fig. 6 
were determined by the method outlined in section lI, 
and were found to be 33 and 14 uv/m, respectively, at 
the dipole receiving antenna. The calculated field inten- 
sity assuming unity reflection coefficient at the iono- 
sphere is 340 uv/m. If we assume a plane-stratificd 
ionosphere, we can determine the reflection coefficient 
of the layer by multiplying the ratio of the amplitude of 
the two-hop signal to the amplitude of the one-hop sig- 
nal by two and dividing by the magnitude of the ground 
reflection coefficient. If we take the ground reflection 
coefficient to be 0.97, the ionosphere reflection cvefti- 
cient in the above case is found to be 0.88. This reduces 
the computed field intensity to 300 uv/m, which is 
about nine times the measured value. A possible ex- 
planation of the large discrepancy between measured 
and calculated field intensities will be given later on in 
the discussion of the polarization effect. 


Echo Splitting 


In contrast to the oscillogram of Fig. 6 is the more 
usual type in which the reflected pulses appear to be 
split into two or more principal components, An example 
of the effect is shown in the oscillogram of Fig. 8(a). 
The first reflected pulse appeared at a virtual height of 
91 kilometers. It was followed by a second, weaker pulse 
at 105 kilometers. A second example of the effect is seen 
in Fig. 8(b). In this case the pulse time constant was 
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150 us, twice that of the pulse of Fig. 8(a). The first re- 
flection appeared at 90 km. Its peak was followed by 
at least three additional components at 15-km intervals. 
A two-hop group of reflections appeared at about 178 
km and shows two distinct peaks separated by about 
12 km. A single three-hop reflection appeared at 270 
km. Further examples of splitting are afforded by the 
oscillograms of Figs. 9(a), (b), and (c). In these cases 
the pulse time constant was again 150 us, but the re- 
ceiver bandwidth was roughly seventy per cent of that 
used to obtain the data of Figs. 8(a) and (b). The timing 
marker spacing was 10 km, except for the first space 
which was 11 k t will be observed that the rise time 
of the first component in each group was about 45 us, 
| with 30 us for the previous cases. The chief 
difference between these oscillograms and those of Figs. 
8(a) and (b) is the relative lack of separation of the dif- 


Fig. 8(a)—Split reflection, 2106: 49 PST, June 8, 1948, T 215 us, 
19 PST, June 8, 1948, 


F E [38 ea l-ors 
4 JU us, I-KM markers. 


ferent components in each group. This overlapping was 
accompanied by considerable variability in the shape of 
the envelope in the space of a few seconds. Thus, in 
Fig. 9(a), two distinct peaks appeared on the onc-hop 
reflection, and a slight indication of two peaks ap- 
peared on the two-hop reflection. In Fig. 9(b), three 
seconds later, the second peak in the first group had be- 
come only a bulge, but the two-hop group exhibited 
three noticeable peaks, the first of which was about one- 
half the amplitude of its counterpart in Fig. 9(a). A 
"rather unusual condition is illustrated in Fig. 9(c), in 
which the one-hop group exhibited three relatively 
weak peaks, while the second group showed only a single 
peak of normal amplitude. The separations of these 
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peaks varied between about 10 and 15 km on most of 
the records that have been examined. 


(a) 


(b) 


(c) 


Fig. 9(a)—Split reflection, 2155: 22 PST, March 22, 1948, 7-150 us, 
10-km markers. (b) Split reflection, 2155: 25 PST, March 22, 
1948, T 2150 us, 10-km markers. (c). Split reflection, 2250: 36 
PST, March 22, 1948, 7—150 us, 10-km markers. 


'The variation in the shape of the envelope can be ex- 
plained by assuming the presence of several component 
pulses adding together with random relative phases to 
produce the observed result. Why there should be more 
than one reflected pulse is more difficult to explain. 
However, the relative constancy of the separations of 
most of the multicomponent reflections (of which Fig. 
8(b) is a good example) suggests the possibility that the 
lower part of the E region actually consists of a number 
of patchy, nonuniform layers, each of which contains 
“holes” large enough to permit some energy to pene 
trate (at nearly vertical incidence) to patches of ioniza 
tion in the next higher layer. Another explanation is 
that the reflections of longer delay come from patches 


894 


of ionization which are at about the same height, but 
which are not directly overhead. Further experiments 
aimed at resolving this uncertainty are planned. 


Polarization 


One of the most interesting and consistent effects ob- 
served during the course of these experiments has been 
the rotation of the plane of polarization of the down- 
coming pulses, with respect to the plane of polarization 
of the transmitted pulse. The polarization of the signal 
transmitted vertically upwards will, of course, be in the 
direction of the horizontal part of the transmitting an- 
tenna, which is oriented fifteen degrees west of truc 
north. At the receiver, located 2.7 km away in a direc- 
tion 45 degrees west of north from the transmitter, 
maximum signal strength is obtained with the dipole 
antenna oriented about ninety degrees from true north. 
Furthermore, the signal strength with the dipole at 
right angles to this position is usually zero or a small 
fraction of the peak intensity, indicating that the 
polarization is linear, or very nearly so. 

One possible explanation of the observed rotation is 
that the Component of signal at right angles to the direc- 
tion of maximum signal strength is not reflected, or is 
highly absorbed, while that in the direction of maximum 
signal strength is reflected with relatively small loss. 
In order to bring the calculated signal strength into 
agreement with that measured from Fig. 6, it is nec- 
essary for the component of current producing the ob- 
served signal to be one-ninth of the total current. Thus 
the direction of the polarization of the received signal 
would have to be at an angle of six degrees (sin-! 1/9) 
with respect to a normal to the transmitting antenna. 
There are, of course, two such directions separated by 
twelve degrees. One corresponds to the direction sixty- 
nine degrees west of south and the other to the direction 
eight-one degrees west of south. 

The variation of field intensity with dipole azimuth 
was not obtained at the time the oscillogram of Fig. 6 
was made. However, approximate measurements of the 
direction of polarization made at other times indicate 
that the average direction is east-west with an esti- 
mated variation of plus or minus ten degrees. The re- 
quired direction of eight-one degrees lies within this 
range, and hence a check is provided on the explanation 
given above, within the limits of error of measurement, 
which, in the case of the polarization directions, are 
appreciable. 

In terms of the magneto-ionic theory, one would ex- 
pect the propagation to be of the “ordinary” component 
requiring considerably less ionization density for reflec- 
tion than that required by the “extra-ordinary” 
component. Even with a relatively sharp ionization 
gradient, some difference in time delay between the two 
components would be expected. It would thus be pos- 
sible for the polarization of the sum of the two reflected 
components to become more or less elliptical, with the 
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major axis shifted with respect to the direction of the 
incident plane- polarized wave. 

The detailed correlation of the experimental results 
with the theory will be postponed until more data are 


available. 
IV. CONCLUSIONS 


This experimental investigation has shown that the 
minimum height of the lower region of the nighttime 
E layer is far from constant, varying all the way from 
84 to 106 km during the course of nearly a year of 
intermittent measurements. If low-frequency transmis- 
sion problems are to be solved on the basis of virtual 
height data, as is done at high frequencies, then meas- 
urements similar to those described in this report must 
be made at many different locations and at several fre- 
quencies to determine what variations in height may be 
expected, 

Some evidence has been found to indicate that fre- 
quently at night the region of reflection of 100 ke waves 
consists of clouds or patches of ionization, rather than 
the more nearly uniform ionization characteristic of the 
regular layers at higher frequencies. If this be the Case, 
the relation between oblique and vertical-incidence 
transmission (sometimes called the “equivalence theo- 
rem”), which holds for a horizontally stratified layer, 
cannot necessarily be expected to hold at low fre- 
quencies at night. It is therefore highly desirable that 
studies be made to determine the nature of the relation 
at low frequencies. 

The reflection of 100-kc waves is apparently accom- 
panied by changes in polarization. Since the details of 
this effect have not been elucidated, it is important 
that further experiments be conducted for this purpose, 
both at vertical incidence and at oblique incidence. 
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The Demodulation of a Frequency-Modulated 
Carrier and Random Noise by a Discriminator’ 


ITH THE AID of an idealized 
representation of the discrimina- 
tor, Middleton!? has shown that a 
frequency-modulated carrier remains intel- 
ligible for smaller carrier strengths when 
narrow-band frequency modulation is used 
and the limiter is omitted than with a 
limiter and/or wide-band frequency modu- 
lation. It is, therefore, of some interest to 
treat the demodulation process as it actually 
occurs, in the absence of a limiter. Thus, the 
discriminator has been taken to consist of 
two selective circuits, both fed by the out- 
put of the intermediate-frequency amplifier, 


X 


NELSON M. BLACHMANT 


but peaked at different frequencies, feeding 
rectifiers whose outputs are subtracted. 
Each half of the device is treated in the 
manner used by Rice? to determine the 
result of passing random noise and a sine 
wave through a rectifier; however, there isa 
correlation between the noise voltages fed 
to the two rectifiers. 

The signal output and the spectral dis- 
tribution of the noise output are obtained 
first for quadratic rectification, then in the 
general case, which is specialized then to 
linear rectification. The results are applied 
to a case of rectangular if noise spectrum, 


TABLE I 


and the signal-to-noise ratio is determined 
for the cases of narrow-band and wide-band 
FM. 

These results are found to be very much 
like those for the idealized representation of 
the discriminator;* all are compared, along 
with amplitude modulation,"7!? in Table I. 
The optimum signal-to-noise ratio for FM 
without a limiter is found to obtain with 
narrow-band FM when the discriminator is 
designed for no wider a band than necessary; 
this optimum signal-to-noise ratio differs 
very little from that for amplitude modula- 
tion. 


COMPARISON OF MEAN-SQUARE SIGNAL-TO-NOISE RATIOS 


FOR FM WITHOUT A LIMITER AND AM 


Weak Carrier (x1) 


Narrow 


Strong Carrier (x>>1) 


Wide 


System Demodulator Wide Narrows | 
Band Band ! Band Band 
(fa>>F) UKF) SDF) | KF) 
Quadratic | 
Discriminator R?x? 4(F/fo) R?x? Rx | 4(F/fa)Rx 
Linear 
FM Discriminator 2R?x? (F/fa) R?x? Rx 2(F/fa) Rx 
Ideatized 
Discriminator brx? — x 2(F/fa)x 
Quadratic | 
Detector 2x | O2(F/f)xt ix 3(F/fa)x 
AM — — — — — - —- 
Linear 
Detector 1.83x* 1.83(F/f.)x? x (F/fa)x 


2F «if bandwidth, fa =audio upper cutoff freque 
viation ratio —3 —1F/f, for FM, modulation index = 
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1949: abstract received, March 9. 1949. Thía abstract 
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Discussion on 
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“Application of Velocity-Modulation Tubes for 
Reception at U.H.F. and S.H.F." 


M. J. ©. STRUTT AND A. van DER ZIEL 


E. Barlow: Strutt and van der Ziel have given an ex- 
pression for the minimum noise figure obtainable with 
a particular adjustment of a three-resonator klystron 
amplifier. They have, using their notation, 


3 elk? 
Nain = R| 
2kT 


S23? 
— — |. (14) 
Si? + Si S23Rs? 
With the assumptions used by Strutt and van der Ziel, 


this equation should read, instead, 
elf? RS). zi $33)? 
2RT Si? + SiS R, 


min = 


The two equations give the same result if the transcon- 
ductances are calculated from simple bunching theory 
(a condition not implicit in the derivation of (14)) 
since, then, 
Sis = S + S23, 

but if any space-charge debunching is taken into ac- 
count they are no longer equivalent. This opens up the 
possibility of getting a zero noise figure (as far as 
shot noise is concerned). Suppose simple debunching 


theorv be considered, so that the transconductances 
take the form 


2 Vo vo h 
where h is the debunching wave number. It is now no 
longer true that 

Sis = Sy. + Sos, 
and if, for example, 
sin (213) = sin (Ax?) 
and 
Xi» Æ Xia, 


a zero noise figure is indicated by the correct form of 
(14). For example, if 

hxis = 27/3, 

Nx = m/À, 

h X53 = T/3, 
the conditions are satisfied. 

* M. J. O. Strutt and A. van der Ziel, “Application of velocity- 

modulation tubes for reception at u.h.f. and s.h.f.," Proc. LR.E,, 
vol 36, pp. 19-24; January, 1948. 


! Formerly, Sperry Gyroscope Company, Great Neck, L. L, N. Y.; 
now, Rand Corporation, Santa Monica, Calif. 


A fundamental assumption of Strutt and van der 
Zicl’s paper is that there is complete coherence of the 
noise fluctuations along the electron beam. It is of inter- 
est to investigate how closely this assumption is met in 
practice. In the example given by the authors, an im- 
provement of 100/1 was obtained by noise cancellation. 
In order to achieve this performance a “coherence” of 
99 per cent is required, and, of course, even more strin- 
gent requirements are imposed if better noise cancella- 
tion than this is desired. To formulate the coherence 
requirements more exactly, a correlation coefficient can 
be introduced. If the noise currents at two points along 
the clectron beam are designated as 4, and ts such that 


ry = ig = 0 


and 


then 
(i= i)? = 277(1 — pie) 
where oi; is the correlation coefficient, 
pis = dyis/ it. 


This means that, for 99 per cent cancellation of noise 
currents, 


(iy — i9) 


-2(1— Piz) = 0.01, 


and a value of pi2=0.995 is required for the author's 
example. 

Some of the factors which tend to lower the noise 
correlation in klystron amplifiers are the following: 

1. Space-charge debunching 

2. Variation of beam coupling coefficient across the 

electron beam 

3. l'artition noise 

4. The thermal velocity spread of the electrons. 

Debunching of the electron beam due to space-charge 
forces occurs to some extent in all klystron designs, and 
should be taken into account. If this effect varies across 
the electron beam, the current-density fluctuations will 
lose coherence, since those adjustments of the klystron 
gam, resonator impedance, etc., necessary to cancel 
fluctuations on the edges of the electron beam will not 
cancel those near the center, and vice versa. The de- 
bunching of the beam depends on beam current and 
voltage, beam diameter and drift-tube diameter, and 


, 


on the distance traversed down the beam axis. If the 
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beam is of large section relative to Àv/c (the “electron 
wavelength) the debunching near the center of the 
beam can be characterized by 


to? ij (cos hx)? 

where i;? is the mean square noise current at the en- 
trance to the klystron drift tube, 2? is the mean square 
noise current at a distance xis down the electron beam, 


and ht is the “debunching wave number" given by 


1737,17 
Jm — 
als? t 
where 
a= 


beam radius. 


At the edge of the beam the image charges along the 
drift tube wall almost neutralize the debunching forces, 
so that. in this case, roughly 


ig? cR 


thus the correlation between the total noise currents at 
positions 1 and 2 can be roughly estimated as 


i ( — cos =) 
peal — - : 
12 


For the amplifier cited by the authors, we can take 


X19 = 10 cm 
1734 0.01 1 A 
= ———— = — (ain em). 
a(1000)3/4 10a 


A reasonable value for a would be 0.5 cm. This yields 
a value of 


1 — (cos 2) 


m-1-( 
Bi 


Since, as was pointed out, a correlation coefficient of not 
less than 0.995 was needed to secure the performance 
required by the authors, the introduction of debunching 
theory brings the efficacy of the proposed klystron design 
into question. Of course, the preceding analvsis of the 
effects of debunching is approximate since the de- 
bunching in the center of the beam is somewhat less 
than that indicated, while there will be some debunch- 
ing along the edge of the beam, especially if the beam 
diameter is much less than the drift-tube diameter. Of 
course, the beam must not be made too small or the 
drift tube too large, or the debunching will be excessive, 
the beam coupling coefficients to the resonators will be 
low, and the effective resonator shunt resistances will 
be low. This points up the conclusions to à study made 
of low-noise-klystron amplifier design at the. Sperry 


e 0.88. 


™ Gyroscope Company. Almost anything done to im 


prove the coherence of the noise along the beam acts 
to lower the klystron gain or increase the noise figure 
before compensation, so that very little performance 
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increase is obtained. A study has been made of de- 
bunching, and rigorous results including the effects of 
finite beam diameter and the presence of the drift tube 
wall have been reached by E. Feenberg. From these 
results the lack of coherence due to debunching can be 
estimated, and it turns out to be less serious than the 
previous rough estimate, but sufficient to make noise 
cancellation schemes such as that proposed by Strutt 
and van der Ziel of questionable use. 


MC: 


Fig! 


An analogous effect which must be taken into ac- 
count is the variation of the beam coupling coefficient 
across the electron beam. If gridless resonators are used, 
this coefficient varies as shown in Fig. 1. 


ws 
sin — 
29 [ Jo(ik's) 
pau] 
ws Jo(j &'b) 
2o 
where 
2mc 
porto un ne 
Av 


If a differential current element dZ is considered and the 
equations of the klystron amplifier applied, a relation 
will be found for the minimum noise figure, and in that 
relation will appear 


i2), us (22) 


and 


u3(z3), 


the beam coupling coefficients the current clement ex- 
periences in traversing the three gaps. In order to be 
able to cancel the noise fluctuations of all these fila- 
ments with any one klystron adjustment, it is neces- 
sary that the ratios 


milzi) 


pelzo) 


be the same for all filaments within roughly 2 per cent 
in the example cited. This puts very stringent require- 
ments on the electron beam and the resonator-gap de- 
sign. Transverse thermal velocities have been estimated 
to be sufficient to invalidate this requirement for a 
typical tube. Any irregularities in the clectron-gun 
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structure or space-charge beain spreading, particularly 
with nonuniform current distribution across the elec- 
tron beam, will be deleterious. If fine grids are used, the 
beam coupling coefficient will be more nearly uniform 
than with gridless gaps, but will still vary enough to 
cause trouble and will introduce unwanted partition 
noise. 

There are two distinct effects which are associated 
with the interception of part of the beam current by the 
klystron grids. 

First, there is *partition noise? ia the sense that, if 
the original beam had shot noise which was reduced bv 
space-charge smoothing, the introduction of a grid 
intercepting current would partially nullify this smooth- 
ing, so that the rms fluctuations after the grid would 
be greater than those before it. This additional noise 
would be called partition noise. If the original beam has 
full shot effect, the partition noise in this sense is 
negligible. 

Second, even though the rms noise output is not in- 
creased by the addition of a grid, there will be an ele- 
ment of noncoherence introduced between the noise 
fluctuations before and after the grid if current is inter- 
cepted by it. It is this latter effect which is important 
in studying the low-noise-klystron problem. Consider a 
three-resonator klvstron using grids as shown in Fig.2. 
Any current interception on grids 2, 3, 4, or 5 or on the 


= te li 
6i bs d; es A 
Fig. 2 


drift-tube walls will reduce the coherence between the 
noise currents in the first and third resonators. Assum- 
ing full shot-effect fluctuations on the electron beam, 
the total intercepted current must be 4 per cent or less 
to keep pi? above 0.995. Even if there is no current inter- 
cepted by the drift-tube walls, the interception per grid 
in the above example must be less than 4 per cent, while 
the best figures obtained for fine grids are more like 2 
or 3 per cent. This would yield a value of i; of roughly 
0.90. The authors’ example was a klystron having a 
noise figure, before compensation, of 4,000. With the 
above figures for grid interception, this could not be 
reduced below about 400 or 26 db. Strutt and van der 
Ziel mention that intercepted noise currents affect their 
conclusions, but state that “if F? is near unity... no 
appreciable increase of mean square output current 
fluctuations will result from these partition fluctua- 
tions." This is not the important point; it is the lack of 
coherence introduced by partition currents which must 
be considered, as has been pointed out above. The au- 
thors further state that “special methods of compensa- 
tion may be applied, reducing these partition fluctua- 


PROCEEDINGS OF THE LRE. 


August 


tions to a relatively negligible fraction of over-all 
mean-square output fluctuations." When these special 
methods are investigated, it turns out that there is some 
question as to whether they can be applied to velocity: 
modulation tubes. They are concerned with elimination 
of the wrong effect of “partition noise.” Consider the 


case shown in Fig. 3. Let the de cathode current be 


big. 3 


ITAL and let the current / pass through the grids, 
while the component A/ is intercepted by grid No. 2, 
If the noise current 7 represented only the noise fluctua- 
tions of the intercepted current AZ, it might perhaps 
be of some use for compensation, but of course the 
whole idea of velocity-modulation tubes at microwave 
frequencies is that the current J is closely coupled. to 
the tuned circuit and 4 represents the fluctuations in 
both J and AZ, and, hence, the noise fluctuations in AJ 
cannot be isolated. If this were not so, the beam coup- 
ling coefficient would be identically zero, and grids Nos. 
l and 2 might as well be removed. A further point is 
that, even if the noise fluctuations in AJ could be iso- 
lated, there is a question as to where a compensating 
voltage should be applied. If the compensating voltage 
is applicd to grid No. 1, a density modulation results, 
but that in turn introduces an additional noise current 
present in both resonator No. 1 and resonator No. 2, 
so that the coherence has not been improved. If the 
compensating voltage is applied to grid No. 2, a veloc- 
ity modulation is produced, and one is then in the posi- 
tion of trying to compensate a density fluctuation with 
a velocity fluctuation. 

The thermal distribution of forward velocity of the 
electrons leaving the cathode will cause some loss of 
correlation, as pointed out by the authors. This effect 
can be evaluated in terms of the correlation coefficient. 


Assuming full shot effect, and neglecting space-charge 
forces in the drift tube, 


given by 


the correlation coefficient. is 
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This expression includes both the effects of thermal de- 
bunching of density fluctuations and bunching of initial 
velocity fluctuations. For correlations near unity, this 
can be approximated by 
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and for 
k' xia = 100, 
kT, 
zd 
eVo 


0:221 — 1.2 X 1075 


For these values, the thermal velocity spread causes 
negligible effect. This agrees with the discussion of 
Strutt and van der Ziel on this point. If a klystron am- 
plifier is designed for low-noise performance by lower- 
ing the beam voltage and increasing the drift-tube 
length, however, it is quite possible that the thermal 
velocity spread will have to be taken into account. In 
one such design, a value of p1?—0.95 was found. 

In conclusion, it is felt that any scheme such as that 
suggested by the authors employing noise cancellation 
demands a careful investigation of noise coherence, and 
that in particular limitations imposed by (1) space- 
charge debunching, (2) variations of beam coupling 
coefficient, and (3) partition noise must be carefully in- 
vestigated. The experimental investigation of noise 
cancellation made by the writer and referred to by 
Strutt and van der Ziel showed correlation coefficients 
considerably below unity (0.6 to 0.9), and it is felt that 
this result is in line with the foregoing discussion, since 
space-charge debunching and partition noise both 
existed in the klystron studied. 


Max J. Strutt? and A. van der Ziel: Mr. Barlow! has 
discussed our paper on noise figures of the three-reson- 


ator klystron, and has given an interesting contribution 


to the question of whether the current fluctuations along 
the beam are completely coherent. 

In our paper we showed that reasonably low noise 
figures could be obtained with the three-resonator kly- 
stron, if the following assumptions are valid: (1) simple 
bunching theory can be applied, and (2) complete co- 
herence exists for the current fluctuations along the 
beam. The second condition was stated explicitly, and 
it follows from our calculations that the first condition 
was introduced implicitly. We shall now show that, if 
the first condition is invalid, the second condition is 
violated also. 

Simple bunching theory is not sufficient, if space- 
charge debunching, transit-time debunching, or varia- 
tion of beam coupling along the beam must be taken 
into account. As shown by Barlow, and as shown for 
transit-time debunching in our paper, the fluctuations 
along the beam are not completely coherent in these 
cases, so that the second assumption also does not hold. 
As our equations are valid only if the second condition 
is satisfied, it is uscless to correct our equation (14) as 
was done by Barlow. For, if simple bunching theory can 
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be applied, the corrected equation is equal to our equa- 
tion, whereas both equations do not hold if the first 
condition, and hence the second one, are not satisfied; 
therefore, the conclusion of zero noise figure mentioned 
by Barlow is of doubtful value. 

In one of our examples we derived a theoretical im- 
provement of the noise figure by a factor of 100, and al- 
though Mr. Barlow does not deny that considerable 
improvement can be obtained, he has considerable 
doubt whether an improvement by a factor of 100 is 
possible. Although we consider Mr. Barlow's discussion 
very valuable, it still does not give a sufficiently clear 
indication, of what will be the lowest limit that can be 
obtained for the noise figure. 

In general, we agree with the way in which Mr. Bar- 
low discusses the influence of space-charge debunching 
and of variation of beam coupling. We think, however, 
that he overestimates the influence of partition noise. 
Mr. Barlow mentions that the partition noise due to 
the current flowing to the grids Ge, Gz, Ga, and Gs (and 
to the wall of the drift tube) has to be taken into ac- 
count. We shall now show, that only the currents to the 
grids Gz and G; contribute appreciably to the noise 
figure. 

In order to do so, we turn to equation (19) of our 
paper. After (13) and (16), this holds under the condi- 
tions that 


(SaR) > 1; 
Under these conditions, we have, for Ci, 
; or, since Zi = (JWC), 
1 a Pw — 0. 


We obtain (19) also if we introduce this relation into 
(10). For, bearing in mind that S= Sis d- Su, we have, 
after (10) and (16), 


S13)? 
st 
| Si 1 
TN min — No CEREREM See lg — , 
| jS2sZ2 | Sy? R? 


which is the same as equation (19). 

This gives the following simple picture of our noise- 
reducing circuit: The noise figure of a normal klystron 
amplifier is due to the noise voltage induced in the input 
circuit by the beam current. In order to improve the 
noise factor, this voltage must be reduced. This is done 
with our precircuit, and, after (5), the noise voltage 
across the input circuit is just equal to zero if the condi- 
tion (1 —jS1Z1) 20 is satisfied. If S12 Sz, the condition 
for minimum noise is slightly different from the condi- 
tion of zero noise voltage across the input circuit, but at 
any rate the major part of the noise reduction is still 
obtained. 

Therefore, it is not very important if some current 
flows to the grids Gy, Ga, Gs, or Ge, because that hardly 
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increases the noise voltage across the input circuit, es 
pecially i£ the beam current is saturated. The currents 
flowing to the electrodes Gy and Gy are the only ones 
which have to be taken into account, because these cur 

rents give rise to partition noise which is uncorrelated 
to the noise voltage induced in the precircuit, and hence 
this partition noise will induce a noise voltage in the in 

put circuit, which cannot be compensated by the pre 

circuit. The best solution would be to cut down the 
currents to the electrodes 2 and 3 as much as possible 

In discussing partition noise in. velocity-modulated 
tubes at microwave frequencies, two facts have to be 
borne in mind: 

1. The beam current is closely coupled to the tuned 

circuits, 

2. The beam current only contains partition noise due 
to the current flowing to a grid, after the beam 
has passed that grid. 

M, for example, J is the beam current before grid Gs 
is passed and Z; the beam current after Ge is passed, then 
the noise current flowing through the cireuit between 
grids 1 and 2 does not contain the partition noise gen 
erated by the current to Gs, at any rate not if the circuit 
is of the cavity ty pe. This point is not made sufficiently 
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cea by Mr. Barlow. Peas ditiicult imdeed to design a 
eoit Which cempensates the partition noise due to 
the curi nts Howang to G and Gs, the best way is to cut 
down these curients to a low velue 

Iu conclusion, we think at to be still worth while to 
MiVesligalt what the lowest possilil bout will be for the 
noise factor ob the above cireuit, although we admit that 
Mi 
this lowest hmot might still be too hgh 

But even at this were the case, the circuit might still 


Barlow s ti astrenients give some indication. that 


be applied to the £aveling wave tube; Measurements 
given by Kocimpfner indicate that the noise figure of a 
traveling wave tube is much lower than for a Klystron 
amplhtier Por the traveling-wave tube, the noise will be 
chiethly due to the noise induced by the electron bean 
inte the beginning of the helix By using a ]uecirctut, 
the noise figure might easily be decreased to such a low 
Value that ii becomes lower than the noise of a ctystal 
mixer, One of the advantages of the traveling wav 
tube, the very wide band aimpliti ation, would lave to 
be saciiheed, in that case; but the low noise figure would 
still make it valuable. It would seem worth while to try 
the circuit desciibed in our paper in this application as 
well, 
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TECHNICAL COMMITTEE NOTES 


The Standards Committee met on June 
9, under the chairman shipof J. G. Brainerd. 
lhe tollowing Standards material was acted 
upon: (a) Additional definitions submitted 
by the Electron Tubes and Solid State De- 
vices Committee were approved; (b) The 
proposed standards of the Piezoelectric 
Crystals Committee were approved and will 
be published shortly; (c) Material submitted 
by the Radio Receivers Committee “Tests 
for Effects of Mistuning and Downward 
Modulation” was approved; and (d) The 
Standards Committee approved its subcom- 
mittee material on the numbering and index- 
ing of standards. Technical committees and 
subcommittees will also be identified bv 
numbers under the proposed system. A sub- 
committee of this committee is studying the 
question of the most economical and thor 
ough method of circulating IRE Standards 
to assure the widest distribution. The Stand- 
ards Committee is reviewing the scopc of 
twenty-three technical committees. . . . The 
Antennas and Wave Guide Committee held 
a meeting on May 17, Chairman L C. Van 
Atta presiding. Dr. Van Atta recommended 
the formation of two subcommittees to ex- 
pedite the work of the main committee, in 
the preparation of the definitions ot terms. 
L. J. Chu was appointed Chairman of the 
Subcommittee on Antennas, and A. G. Fox 
was made Chairman of the Subcommittee on 
Wave Guides. . . . A meeting of the Electron 
Tubes and Solid State Devices Committee 
was held on June 2 at which it was decided to 
submit Power Output High Vacuum Tube 
Definitions and Small High Vacuum Tube 
Definitions material to the Standards Com- 
mittee for approval.... The Navigation 
Aids Committee, meeting on June 7, is work- 
ing on definitions of Pulse Systems, under 
Henri Busignies, Chairman. The following 
tasks have been assigned: classification of 
electronic methods of navigation systems; 
presentation of accuracy data; concept of 
reading time to radio navigation systems; 
and coverage of air navigation systems. . . . 
The Piezoelectric Crystals Committee met 
on May 9. Work on “Proposed Standards 
on Piezoelectric Crystals" having been com- 
pleted this material has been submitted to 
the Standards Committee for approval... 
On June 8 the Video Techniques Committee 
held a meeting, at which the following sub- 
committees reported on the status of their 
work: Subcommittee V-1, Definitions and 
Symbols of Video Terms, R. H. Daugherty, 
Jr., Chairman; Subcommittee V-2, Utiliza- 
tion, Including Video Recording; Methods 
of Measurement and Test, R. L. Garman. 
Chairman; Subcommittee V-3, Video Sys- 
tems and Components, Methods of M eas- 
urement and Test, W. J. Poch, Chairman; 
Subcommittee V-4, Video Signal Transmis- 
sion, Methods of Measurement and Test, 
L. W. Morrison, Chairman. . . . Professional 
Group Chairmen and Sponsors met on May 
9 at Syracuse, N. Y., where reports were 
given from three of the six organized Groups, 
there being no representative present from 


the Circuit Theory, Audio, or Vehicular and 
Railroad Radio Cominunications Groups. 
Planning reports were presented by sponsors 
of potential Groups. A progress report on the 
Quality Control Group was made by Jerome 
Steen and R. F. Rollman, and Virgil Graham 
reported for the potential Electron Tube 
Group. The name of the Broadcast Engineers 
Group was changed to the IRE Professional 
Group for Broadcast Transmission Systems, 
which will include AM, FM, television, 
facsimile, and the like. O. W. Towner is the 
Chairman of this Group. . . . On June 7 the 
joint Symposium Planning Group of the 


_ IRE/AIEE held its initial meeting at [RE 


headquarters to formulate the plans for the 
1949 Nucleonics Symposium, tentatively 
scheduled for October 31, and November 1 
and 2, at the Hotel Commodore, in New 
York City. Harner Selvidge was appointed 
Chairman of the Joint Symposium Planning 
Group, representing the IRE. Other mem- 
bers are R. L. Butenhoff, IRE; W. A. 
Geohegan, AIEE; and G. W. Dunlap, 
AIEE. Plans were discussed on the basis 
of a three-day symposium. The tentative 
progran. is as follows: First Day, Electronic 
Aids to Medicine; Second Day, Nucleonics 
and Biological Tolerances; Third Day, 
Nucleonics and Industry. Final plans wil! be 
announced at a later date. 


NEWFOUNDLAND ADDED TO 
MONTREAL SECTION 


Because Newfoundland has become a 
part of the Dominion of Canada, the terri- 


ne 


Calendar of 
COMING EVENTS 


Summer Seminar, Emporium Sec- 
tion, IRE, Emporium, Pa., August | 
19-20 

AIEE Pacific General Meeting, San 
Francisco, Calif., August 23-26 | 

1949 IRE West Coast Convention, 
San Francisco, Calif., August 30- | 
September 2 

1949 National Electronics Confer- | 
ence, Chicago, Iil., September 26- | 
28 

National Radio Exhibition, Olympia, 
London, England. September 28 
to October 28 

AIEE Midwest General Meeting, 
Cincinnati, Ohio, October 17-21 

Radio Fall Meeting, Syracuse, N. Y., 
October 31, November 1-2 | 

1949 Nucleonics Symposium, New | 
York City, October 31, November | 
1-2 

IRE-URSI Fall Meeting, Washing- 
ton, D. C., October 31, November | 
1-2 

1950 IRE National Convention, New 

| York, N. Y., March 6-9 


tory of Newfoundland and the IRE members 
residing therein have been added to the 
Montreal Section of The Institute of Radio 
Engineers. 


DAYTON SECTION TELEVISION 
LECTURE SERIES 


To make available recent engineering 
knowledge of television, the Dayton Section 
of the IRE last winter conducted a program 
of television lectures, beginning on January 
31, and continuing every Monday until com- 
pletion, except for the week of the National 
IRE Convention. The subjects and lecturers 
for the series were as follows: “Picture Qual- 
ity," by Madison Cawein, Television Con- 
sultant; “Pickup. and Transmitting Equip- 
ment, by Howard Lepple, Crosley 
Broadcasting Corp.; “Interconnecting Fa- 
cilities,” by L. W. Morrison, Bell Telephone 
Laboratories; “Receiving Antenna and 
Distribution Systems,” by Andrew Alford, 
Consultant; “Receivers,” by H. R. Shaw, 
Colonial Radio Corp.; and “Future Trends,” 
by Joshua Sieger, Freed Radio Corp. 


IRE MENTIONED IN REPORT ON 
“SCIENTIFIC MANPOWER” 


The Annual Report on “Scientific Man- 
power” submitted by the Secretary of the 
Army to the Secretary of Defense, and cov- 
ering the period July 1, 1947 to November, 
30, 1948, mentions six professional societies 
as having agreed to participate in a plan 
whereby their committees will give advice 
and assistance to the Department of the 
Army in the fields unique to the societies 
which the committees represent. Of these six 
professional societies, The Institute of Radio 
Engineers is the only one representing clec- 
tronics or electrical engineering. 


IRE ro Hotp TENTH ANNUAL 
SEMINAR AT EMPORIUM 


The tenth annual summer seminar of the 
Emporium Section of The Institute of Radio 
Engineers will be held on August 19 and 20, 
Roger W. Slinkman, Chairman of the Em- 
porium Section, announced recently. 
Speakers on Friday, August 19, will include 
H. G. Clavier, who will discuss carrier 
power requirements for long-distance com- 
munications by microwaves; and Allen A. 
Barco, whose subject will be problems of 
television deflection and high voltage sup- 
plies. On Saturday, August 20, Michael 
Landis will speak on modern orthicon 
camera chain in television; and Gerrard 
Mountjoy and Henry Appel will discuss 
design features for a new television receiver. 

Following the technical sessions on Sat- 
urday morning, the seminar committee will 
sponsor a picnic at Erekine's Grove to which 
the public will be invited. George Brunner 
is Chairman of the Seminar Committee. 
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Joint "Technical Advisory Committee 


Summary of Activity— October, 1948 to 


On October 1, 1948, the Chairman of 
JTAC, Philip F. Siting, wrote to the Chair- 
man of the FCC, Wayne Coy, offering the 
assistance of JTAC in obtaining further in- 
formation and data pertinent to the use of 
the uhf spectrum for television, or other 
pressing problems. Mr. Coy's reply, dated 
October 28, referred to the agenda for the 
FCC Engineering Conference on VHF Tele- 
vision and EM to be held November 30, 
1948, and requested the assistance of JTAC 
concerning vhf propagation, antennas, co- 
channel and adjacent-channel interference 
protection ratios, signal levels required for 
satisfactory service, and power generation 
capabilities of transmitters. 

In response to this request the JTAC pre- 
pared, and offered as evidence at the Engi- 
neering Conference, Volume II of the J TAC 
Proceedings, entitled “Allocation Standards 
for VHF Television and FM Broadcasting,” 
dated December, 1948. In this report JTAC 
stated the industry findings on apparatus 
capabilities but declined to approve or dis- 
approve the FCC T.I.D. reports on vhf 
propagation, inasmuch as time was not avail- 
able for the IRE Wave Propagation Com- 
mittee to review the substantiating data, the 
methods of using these data, and to give 
JTAC its expert opinion. The T.I.D. reports 
were referred by the FCC to the FCC Ad 
Hoc Committee (on VHF Propagation for 
Television and FM Broadcasting). JTAC 
offered, at the Conference, to review the 
findings of the Ad IIoc Committee when 
available. 

The following Table, taken from JTAC 
Proceedings Volume II, summarizes the al- 
location standards recommended by JT.AC 
to the FCC. 


On December 16, Mr. Siling informed 

Mr. Coy of the desire of JTAC to assist the 
commission further in these or other mat- 
ters. In reply Mr. Coy wrote JT.AC under 
date of December 28, 1948, suggesting the 
following studies be made: 
' (1) A study of the number of uhf televi- 
sion channels needed to supplement the vhf 
channels to provide a sound, competitive 
national allocation. 

(2) A study of the place of color televi- 
sion in the uhf spectrum. 

(3) Further study of phase-synchroniza- 
tion of television picture carriers, including 
possible application to uhf monochrome and 
color transmissions. 

(4) Further study of receiver charactcris- 
tics, particularly adjacent-channel selectiv- 
ity, oscillator radiation, choice ot a standard 
intermediate frequency and its effect on 
channel assignments, 

(5) Re-examination of uhí transmitter 
power-output capabilities. 

(6) Preparation of a plan for obtaining 
more extensive knowledge of propagation on 
frequencies between 475 and 890 Mc. 

On P. 18, JTAC replied in a letter 
addressed to Mr. Coy, expressing the follow- 
ing conclusions: 


JTAC declined to define the number 
of television stations required in cach 
metropolitan center for national com- 
petitive system, on the ground that this 
was not a q iestion within its province. 
However, JTAC indicated the range of 
values which this number might take, 
based on limitations of channel space 
within the 475-890-Me band. The mini- 
mum number of stations in each metro- 
politan center was taken as 2 (ime 1 
station suffers no competition) and the 


RECOMMENDED ALLOCATION STANDARDS 


Ist Adjacent 


S | E EE 
Suburhan S00 ,v/m /— 40 db EET yes 
—Rural TV (see note) 25 db* 6 db*** Ms: 
Urban TV 5000 uv, m 40 db U db** P 
Rural FM 25 uvem 10 db —16 db —40 db 
Urban FM — 10 db —16 db —40 db 


** Upper adjacent channel. 
*** Lower adjacent channel, 


In Volume H, the J TAC took note of the 
technique of phase-synchronization of tele- 
vision picture transmitters, recommending 
that this technique be taken into account in 
allocations planning and that further study 
of it be undertaken. An improvement in co- 
channel interference of 15 db was mentioned 
as the best estimate (class-C reliability) then 
available on the benefit of carrier synchroni- 
zation. 


* Tentative value when co-channel carriers are phase-synchronized. 


maximum was taken as 5 (since 6 or 
more could not be accommodated in the 
space in the uhf spectrum reserved for 
television broadcasting). The follow ing 
table, taken from the letter, shows the 
number of uhf channels required for a 
minimum number of stations of 2,3,4 
and 5 per metropolitan centers, under 
the condition that the co-channel sepa- 
ration between stations is 150 miles for 
synchronized and 210 miles for non- 


Mav, 1949 


synchronized stations. The adjacent- 
channel separations are 73 miles and 
105 miles, respectively. 


Allocation Plan No. 1 
(Employing phase synchronization on VHF only? 


2 Stas, 3 Stas. 4 Stas. 5 Stas. 
Min. Min. Min. Mim. 
23 35 54 65 
(46) (34) (15) (4) 


Allocation Plan No. 2 
(Employing phase synchronization on VHF and UHE) 


2 Stas 3 Stas. 4 Stas 5 Stas. 
Min. Min. Min. AM in. 
18 27 40 52 
52) (42) (29) (17) 


There are 69 6-Mc channels availible be- 
tween 475 and 890 Mc. 

The figures in parentheses indicate the 
number of 6-Mc uhf channels which would 
remain for experimentation with other sys- 
tems of television. J TAC expressed the opin- 
ion that it was not practical to assign vhf 
channels only to primary cities and uhf chan- 
nels only to secondary cities. 

Regarding color television, JT.AC urged 
that experimentation with color television 
be actively encouraged, and recommended 
that adequate space be set aside above 900 
Mc and below 6,000 Me for this purpose. It 
was recommended that no bandwidth re- 
striction be placed on experimental color 
television transmission for the present, until 
the relative importance of color and detail 
in the total value of a television picture can 
be determined. 

Regarding phase-synchronization of pic- 
ture carriers, the 15-db figure of improve- 
ment was reiterated and its reliabilitv raised 
from class C to class B, ; 

The opinion was expressed that, in the- 
ory at least, this technique could be applied 
to uhf transmitters, but the figure of im- 
provement could not be stated pending ac- 
tual tests, 

The other items listed in Mr. Coy's letter 
of December 38 were stated as being under 
study. [t was recommended that a program 
of uhf propagation studies be set up, under 
governnient auspices if possible. 

On February 17, 1949, E. W. Allen, Jr. of 


j 


the FCC wrote to Mr, Siling pointing outan N 


apparent inconsistency in the field strengths 
for satisfactory service cited in JTAC Pro- 
ceedings Volumes Į and II. Under date of 
April 18, JTAC replied, stating that the 
field strength cited in Volume Į were too low 
by a factor of 2, since the attenuation due to 
the vestigial sideband characteristic of the 
receiver had not been taken into account. 
Fhe field strength figures in Volume [I were 
reattirmed, 

Following the receipt of Mr. Cov’s letter 
of December 28, TPAC cireulated a ques- 
Donnaire to the IRE and RMA Pelevision 
Systems Committees, concerning the «uita- 
bility of the vhf television system standards 
tor use in the uhf service, The replies to this 
questionnaire were summarized and trans- 
mitted to Mr. Coy under date of April 4. A 
large majority of the replies stated that the 
vhf standards were applicable without 


|| 
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change, while a small number stated that 
certain tolerances on carrier frequencies and 
levels should be examined and changes in- 
troduced for vhf as well as uhf transmissions. 
‘The opinion was also expressed by several of 
the respondents that a portion of the uhf 
spectrum should be reserved for experimen- 
tation with color and high-definition mono- 
chrome systems. 

Under date of April 4 a letter was sent by 
JTAC to Mr. Coy commenting on the possi- 
sible use of frequency modulation for the 
picture transmissions. Previous experiments 
with this type of transmission were men- 
tioned, and the difficulties encountered from 
multipath transmission were described. 
JTAC suggested that any plan to consider 
using frequency modulation for picture trans- 
missions should be preceded by a compre- 
hensive ficld test under normal conditions of 
multipath transmission. JTAC questioned 
whether, in view of the present state of 
knowledge on this subject, the time, effort 
and expense of such a field test would be 
justified. 

Under date of March 30, the JTAC Sec- 
retary, L. G. Cumming, transmitted to Mr. 
Coy copies of replies to a questionnaire cir- 
culated by JT.AC among manufacturers of 
transmitting tubes and equipment, indicat- 
ing the amount of power which might be 
developed at various frequencies, at that 
prent time, and what increases might be 
expected in the future. 

On March 22, Mr. Coy sent a letter to 
JTAC raising further questions relating to 
his letter of December 28 and JTAC's reply 
of February 18. The questions included: 

(1) The preferable arrangement and po- 
sition of uhf channels within the 471—890 
meter band, i.e. as a contiguous block, or 
interspersed with other assignments. 

(2) The justification for assuming a 
smaller adjacent channel separation for 
synchronized operation than for nonsyn- 
chronized operation. 

(3) 'The effect of terrain on propagation. 

(4) The absolute values of signal-to-in- 
terference ratios which give satisfactory 
service, with and without synchronization. 

(5) Characteristics of receivers, particu- 
larly adjacent-channel interference ratio, 
acceptable signal-to-rms-noise ratio and its 

| relation to signal-to-interference ratio, and 
noise measurements of commercially availa- 

* ble receivers. 
Under date of May 22, JTAC replied to 
a Mr. Coy, recommending that uhf channels 
be assigned in a single block beginning at 
the lower end of the 475- to 890-Mic band. The 
difficulty of providing against adjacent chan- 
ncl interference was admitted. [t was stated 
that considerable improvement in adjacent 
channel selectivity could be achieved in re- 
ceivers, at some increase In cost, JTAC of- 
fered to secure. the absolute values of 
signal to interference ratios requested, but 
recommended against any delay in procecd- 
Poing with the allocation while these data were 
P being collected. The off-set system (carriers 
| 
H 


——— 


separated about 10,500 cps) of reducing 

co-channel interference was mentioned as 
Peolfering a degree of improvement somewhat 
Í superior to that of phase synchronization, 
with less apparatus complexity. JTAC of- 
fered to keep the FCC advised of progress 
with this system. Noise figures of 12 to 13 
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db were reaffirmed as typical of properly 
adjusted receivers of the present date, but 
an additional tolerance of 3 to 5 db was sug- 
gested to take account of production varia- 
tions. The choice of a standard intermediate 
frequency, with concomitant arrangement of 
channels to reduce oscillator radiation and 
image interference, was endorsed, and it was 
stated that the RMA Television Receiver 
Committee was being asked to recommend 
a standard value. 


PROFESSIONAL GROUPS GIVEN 
NOMINATING PRIVILEGE 


Professional Groups now have the op- 
portunity of nominating the Chairman of 
the subcommittee of the Papers Procure- 


_ment Committee which is concerned with 


that Group’s field. They may also nominate 
interested and competent men in their fields 
as members of the Papers Review Commit- 
tee and the Board of Editors, all such nomi- 
nations being subject to acceptance by the 
Chairman of the Committee concerned, the 
Editor, and the Executive Committee. 


JT AC OFFICERS ANNOUNCED 


'The Boards of Directors of the IRE and 
RMA have appointed Donald G. Fink to 
serve as Chairman of the Joint Technical 
Advisory Committee during the period from 
july 1, 1949, to June 30, 1950; and J. V. I: 
logan to serve as Vice-Chairman for the 
same period. The JTAC announced that 
L. G. Cumming will continue to serve as 
Secretary. 


EJC Plans Fire or KEY 
ENGINEERING PERSONNEL 


‘To provide source material for a Who's 
Who in engineering research, development, 
and other scientific operations for use by the 
National Military Establishment, the Engi- 
neers Joint Council, acting through The 
American Society of Mechanical Engineers, 
has accepted the task of providing the Office 
of Naval Research with the names, addres- 
ses, ages, and details of professional and sci- 
entific qualifications of 100,000 key engi- 
neers in all branches of American engineer- 
ing. 

The source file of key engincering person- 
nel thus obtained will provide a valuable tool 
for solving a variety of technical personnel 
problems. [ts use will diminish disturbances 
of the national economy, organization of in- 
dustry, and the personal welfare of engi- 
neers, and provide a means by which national 
resources of technical personnel can be ascer- 
tained. The file will also point up weak spots 
which should be strengthened by education, 
training, and other means. As a national as- 
set the body of facts will be available to pri- 
vate industrial, educational, and profes- 
sional society planning groups, and for other 
legitimate purposes. 

A four-page questionnaire will soon be 
mailed to 100,000 engineers holding the 
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grade of member or higher in 18 national 
professional engineering societies. The re- 
turns will be collected by the ASME and 
turned over to the Office of Naval Research 
of the National Military Establishment for 
classification. 

The project is the result of a conference 
held in Washington, D. C. last fall, attended 
by EJC representatives and many other en- 
gineering agencies, at which was discussed 
the need for a list of 25,000 key engineers 
working in research, development, and other 
scientific projects who could be called inona 
full or part-time basis to work on the broad 
scientific programs of the National Military 
Establishment. The task of collecting per- 
sonal and professional data fell to the EJC as 
the largest joint agency of the engineering 
profession. The Engineers Joint Council 
points out that this will not be just another 
questionnaire, but one sent to engineers se- 
lected from the upper echelon of the profes- 
sion. The data sought are not intended for 
general government use, but will go directly 
to the engineering agencies of the National 
Military Establishment. As the question- 
naire will provide the key to opportunity to 
professional and patriotic service, engineers 
selected to receive it are urged to give it seri- 
ous attention, and to answer all questions 
fully. The Institute of Radio Engineers is 
co-operating in this project, and asksits 
membership to assist in every possible man- 
ner. 


TELEVISION TO BE GOVERNMENT 
MONOPOLY IN. AUSTRALIA 


Australia will have television in two 
years, Prime Minister J. B. Chifley an- 
nounced recently. Run às a government 
monopoly, television stations will be built 
in six Australian capital cities—Brisbane, 
Sydney, Melbourne, Adelaide, Perth, and 
Hobart. It was also disclosed that each pic- 
ture will be produced by 625 closely spaced 
horizontal lines, and compared with 405 lines 
used by Britain, and 525 in the United 
States. It was stated that the use of a 
greater number of lines should ensure a bet- 
ter image than i$ now available under either 
the British or American system. 


PRESS SWITCHING CENTEK 
AIDS FOREIGN COUNCIL MEETING 


A new press switching center at New 
York and special direct cable facilities that 
have been set up in Paris are working to- 
gether to provide fast and efficient communi- 
cations to the government and press repre- 
sentatives attending the Council of Foreign 
Ministers meeting, it was announced re- 
cently. One of the special facilities is an 
exclusive Western Union office, established 
adjacent to the American delegation confer- 
ence room in the Hotel Crillon, which flashes 
thousands of words to the new press switch- 
ing center in New York. The storics arrive in 
New York in the form of perforated tape, 
and are sent through automatic transmitters 
over direct circuits to press services and 
newspapers throughout the United States. 
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NATIONAL RADIOTELEPHONE 
NETWORK FORMED 


The formation of the first national net- 
work of independent radiotelephone stations 
for mobile service to the general public was 
anncunced recently ina statement filed with 
the Federal Communications Commission in 
behalf of the National Mobile Radio System. 
The new system will offer a practical and un- 
precedentedly low-cost means of communi- 
cation between occupants of automobiles, 
trucks, buses, and other vehicles with offices 
or homes hundreds of miles distant. The net- 
work also has important potentialities as an 
auxiliary communications system in event of 
national emergency. By August, the facili- 
ties will be in operation between Boston and 
Washington, and will gradually be extended 
to encompass all member stations. 

The system differs from the mobile radio 
service offered by telephone companies in 
that brief messages or conversation are re- 
layed back and forth through the intermedi- 
ary of a station operator, who receives them 
by telephone from one end and relays them 
by radio to the other, or vice versa. Although 
the new system started with stations on the 
Eastern seaboard, others in the South and 
West have joined or have indicated desire to 
affiliate. It is anticipated that by 1950 at 
least 100 stations will be active in the net- 
work. 


RADIOCOMMUNICATION [NSTITUTE 
ESTABLISHED IN ARGENTINA 


The Instituto de Radiocomunicaciones, 
established last fall at the National Univer- 
sity of Tucuman in Argentina, recently an- 
nounced theappointment of Daniel Eduardo 
Frias (M'48) as organizer and director. In 
September, 1948, the Board of Trustees ap- 
proved curricula for the training of telecom- 
munication engineers, radio technicians, 
radio fitters, and radio operators. The fol- 
lowing departments have also been formed: 
ultra-high frequency technique, supersonic 
and hydrophonic waves, air navigation ra- 
dio, television, radio broadcasting, applied 
electronics with tubes used in radio com- 
munication, and a measuring laboratory. 
The schedule of studies for the telecommuni- 
cations courses were adapted especially for 
the National University of Tucuman by Dr. 
Frias. 

Early in 1949 various measuring equip- 
ment and instruments were purchased, and 
a full broadcasting station was installed by 
arrangement of Dr. Horacio Descole, Presi- 
dent of the University. 


First NAB ProGram DIRECTORS’ 
CINIC HELD In CiicaGo 


The first National Association of Broad- 
casters Program Directors’ Clinic was held 
in Chicago on June 27, 28, and 29, on the 
downtown campus of Northwestern Univer- 
sity. All meetings were devoted exclusively to 
specific, practical discussions for improving 
program structures at local stations, and aids 
ing program directors to utilize available 
services to better advantage. Justin Miller, 
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NAB president, spoke to the representative 
program delegates, stressing the fact that 
“programs mean audience and audience 
means income and economic stability.” 


Industrial Engineering 
Notes' 


FCC Actions 


The FCC has adopted new rules permit- 
ting private sale of radio broadcasting sta- 
tions without public advertising or competi- 
tive bidding. The Commission dropped the 
regulation it has had since 1945 requiring all 
proposed transfers of all types of broadcast- 
ing facilities to be advertised locally for a 60- 
day period. Under the new procedure, an 
application for transfer of a radio station 
will simply be filed with the FCC so that the 
legal and financial qualifications of the 
purchaser may be examined. . . . A total of 
2,792 AM, FM and television broadcasting 
stations were on the air at the end of May, 
the FCC reported... . The FCC, in an ac- 
tion possibly affecting the use of uhf fre- 
quencies by television broadcasting services, 
today amended its order of May, 1948, re- 
lating to the utilization of frequencies in the 
475-890 Mc band for television to include 
consideration of the allocation of the 470-400 
Mc band to multichannel broad-band com- 
mon carrier mobile radio operation in lieu of 
television broadcasting. 


NATIONAL BUREAU OF STANDARDS 
ANNOUNCES New DEVELOPMENTS 


The National Bureau of Standards re- 
cently announced that magnetic fluids, 
which were originally used in the NBS elec- 
tromagnetic fluid clutch, have several unique 
features that make possible important appli- 
cations of iron-oil mixtures. Studies of the 
properties of the mixtures reveal that mag- 
netic fluids may be employed to good ad- 
vantage in a number of ways, including use 
as variable electrical resistors. 

An electronic gating instrument has been 
designed and constructed at the National 
Burcau of Standards for the "accurate deter- 
mination of the deadtime and recovery char- 
acteristics of Geiger-Muller counters.? Com- 
plete information on the new development is 
available as Research Paper RP1965 at ten 
cents per copy from the Superintendent of 
Documents, U. S. Government Printing Of- 
fice, Washington 25, D. C. 


PREFERRED l'ARTS LisT 
EXPLAINED By ASESA 


To assist further in promoting the elec- 
tronic component standardization program, 
the Armed Services Electro Standards 
Agency has prepared a “Preferred Parts 
List” for use as a guide in selecting compo- 
nents commonly used in the development 
and maintenance of electronic equipment. 
This list contains the electronic components 


1 The data on which these NOTES are based were 
selected, by „permission. from the Radio Manufac- 
turers Association's “Industry Reports,” issues of 


February 18, 25, and March 4. 11. and 18. 


August 


for which preferred form factors, values, and 
tolerances have been selected. Consideration 
has been given to cost and production fac- 
tors; these are reflected in the list by the fact, 
that components included have been screened 
for the most reasonable tolerances used in 
the maximum of engineering applications 
and for those which will not appreciably in- 
crease the cost of purchase when bought in 
large quantities. 


TELEVISION NEWS 


The FCC recently released the long- 
awaited report on radio propagation effects 
in the frequency range between 50 and 250 
Me, as compiled by a small group of govern- 
ment and industry engineers since the FCC's 
television engineering conference last De- 
cember. 

Documents submitted by the committee 
included the report and four reference vol- 
umes pertaining to its findings. The main 
document (Vol. 1) contains the following 
committee information and recommenda- 
tions: 

A. Evaluation of the Random Variations 
in Field Intensity from Median Levels Due 
to Local Terrain and Buildings. 

B. Method of Combining the Etfects of 
the Spatial and Time Variations of the De- 
sired Signal and One or More Interfering 
Signals. 

Postponement of the lifting of the pres- 
ent TV "freeze" until late fall to allow time 
for a new hearing and other proceedings, in- 
cluding consideration of 6-Mc color on both 
vhf and uhf channels, was announced by the 
Federal Communications Commission. 


Rapio Set Propyction DECLINES 
AS TELEVISION RISES 


The weekly rate of television receiver 
production in April was the highest yet at- 
tained by the industry, according to an 
KAMEN tabulation showing that RMA mem- 
ber-companies manufactured 166,536 TV 
sets during that month. 

Radio receiver production in April 
dropped to new low levels.. Radio sets re- 
ported for the month by RMA members 
totaled 506,409, of which 37,563 were FM 
and FM-AM types. AM set production of 
468,906 was the lowest since January, 1946, 
when the industry was reconverting from 
military to civilian manufacturing. 

For the first time RMA members re- 
ported the number of TV receivers with FM 
reception facilities. These sets totaled 
47,264 or about 28 per cent of the TV receiv- 
ers produced. 

FM and FM-AM set production in April 
was about 62 per cent under the weekly av- 
erage for the first quarter of 1949. 


CANADIAN RADIO News 


Approximately 3,750,000 radio receivers 
were in use in Canada at the end of 1948, 
and 575,000 sets were produced during the 
year. Canadian sales of radio receivers rose 
in numbers in January, 1949, but declined in 
price. A total of 40,794 units valued at 
$3,308,270 were sold, compared with 39,046, 
sets valued at $3,720,102 in January, 1948. 


1949 


Sales of radio receiving sets by Canadian 
manufacturers in February totaled 44,268 
units valued at $3,328,642, compared with 
35,833 sets valued at $3,230,740 in the cor- 
responding month of 1948, according to a 
report received recently by the U. S. Depart- 
ment of Commerce. 

Canadian imports of sets in February 
amounted to 1,567 units valued at $81,551, 
compared with 1,379 units valued at $58,529 
in January. Exports in February totaled 
2,898 sets valued at $106,143, against 2,124 
units valued at $74,920 in January. 

Receiving tube production in February 
totaled 309,728 tubes valued at $163,574, 
compared with 263,582 units valued at 
$133,612 in January. Canadian manufactur- 
ers imported 54,049 tubes valued at $57,916 
in February, as against 128,050 tubes valued 
at $85,885 in January. Imports of tube parts 
were valued at $40,372 in February, against 
$30,986 in January. 


RADIO AND TELEVISION ABROAD 


Local assembly of radio receivers was 
started in Greece during March, 1948, and 
7,000 sets were completed during the year. 

Production of radio receivers in Austria in 
1948 totaled 96,437 sets, as compared with 
21,246 in 1947 and 127,472 in 1937.... 
At the end of 1948 there were 475,000 radio 
receivers in Hungary, 188,000 of them in 
Budapest.... On December 31, 1948, 
there were 42 radio broadcasting stations in 
Panama, compared with 26 at the close of 
1947. 

Licensed radio receivers in Denmark on 
March 31 totaled 1,177,608 and represented 
an increase of 4.43 per cent over the 1,127,- 
677 licensed sets on the same date in 1948. 

. In Brazil the value of imports of radio 
sets, parts, and tubes in 1948 dropped to 
230,128,000 cruzeires from 454,733,000 cru- 
zeires in 1947, according to a report received 
by the U. S. Department of Commerce. U. S. 
manufactured equipment accounted for 86.5 
per cent of the total in 1947 and 76.6 per cent 
in 1948. Holland supplied 10.5 per cent of 
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Vacuum Tube Amplifiers, edited by George 

E. Valley, Jr., and Henry Wallman 
Published (1948) by the McGraw-Hill Book Co., 

Inc., 330 W. 42 St., New York 18, N. Y. 733 pages 


--9-page index ^xvii pages. 186 figures. 61 X9t. 
$10.00. 


This book is volume eighteen of the 
twenty-eight-volume Radiation Laboratory 
Series instituted to record wartime contribu- 
tions to the art. As one can readily surmise, 
it has been necessary to fill in wartime con- 
tributions with considerable background ma- 


+ i terial, in order to give the volume continu- 


4 


ity. It is believed that the book would have 
been more useful and valuable, had the back- 
ground material been carefully annotated 
with footnote references. 

The preface states that: 
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the Brazilian radio imports in 1948 and 3.7 
per cent in 1947. The United Kingdom ac- 
counted for 8.0 per cent of the Brazilian total 
in 1948 and 4.9 per cent in 1947... . Radio 
receiver production in the Bizonal area of 
Germany totaled 407,472 in 1948, according 
to statistics received by the U. S. Depart- 
ment of Commerce. Production of receiver 
and amplifier tubes and valves totaled 
3,111,885 units in 1948. Production of radio 
sets in Austria totaled 96,437 in 1948, com- 
pared with 21,246 in 1947 and 127,472 in 
1937. ... Production of radio receivers in 
Japan in 1948 averaged 67,749 sets monthly, 
according to statistics received recently by 
the U. S. Department of Commerce. This 
compares with monthly averages of 64,870 
receivers and 43,221 sets in 1917 and 1946, 
respectively. Transmitter production aver- 
aged 168 monthly in 1948, compared with 


-227 in 1947 and 97 in 1946. . . . A bill was re- 


cently introduced in thelegislature of Cuba to 
“regulate industries” including the manufac- 
ture and assembly of phonographs, radio and 
television transmitting and receiving appara- 
tus. The measure would grant for a period of 
ten years exemption from consular fees, 
duty, taxes, charges, and surcharges on im- 
ports by these industries of parts and pieces 
used in manufacture or assembly. . . . Tele- 
vision is still in an experimental stage in 
Sweden and experts agree it will be from two 
to three years before programs for the public 
are introduced, according to a report on tele- 
vision prepared by Valdemars Kreiebergs, 
of the American Embassy at Stockholm. 
“Televising of programs to the public will 
not be introduced before Sweden and a 
number of other countries of the European 
Continent, including Denmark, Norway, 
Holland, Belgium and Switzerland, have 
agreed on standardization, i.e., the number of 
lines to a surface unit in the transmitted pic- 
ture," the report points out. Different types 
of foreign receivers have been tested but 
it has not yet been decided which type 
will be adopted for Sweden. A modified 
U. S. system, a receiver using 625 lines 
instead of the 525 lines used in this country, 


The amplifiers discussed in this volume are de- 
signed to have extreme values in one of several of the 
pertinent characteristics: bandwidth, sensitivity, 
linearity. constancy of gain over long periods of time, 
etc. 


This represents a good summary of the ma- 
terial included, to which should be added that 
the mariner in which the material is treated 
ranges from profound and precise mathemat- 
ics to handbook material, such as JAN char- 
acteristics and tolerances. It is, therefore, dif- 
ficult to recommend the book to specific 
groups; rather, it will probably be found that 
certain parts of the book will be valuable to 
widely divergent interests. Since there is no 
other book of comparable scope now availa- 
ble, those actively engaged in amplifier de- 
velopment and design will find it very useful. 
The material included will doubtlessly also 
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is "seriously considered." Current tele- 
vision research in Sweden is being carried 
on under the supervision of the Tele- 
vision Research Board. The Board was es- 
tablished in November, 1947, ata conference 
of representatives of interested Swedish 
agencies and firms. Several press releases 
from the Television Board mentioned the 
building and installation of a television 
transmitter in the Stockholm Institute of 
Technology. Its power is 1 kilowatt, and at 
present it operates with a carrier frequency 
of 80 Mc. Later one will test operation on 
frequencies of 60 and 200 Mc. 


RMA ELEcTs New OFFICERS 


At its "Silver Anniversary" convention 
held on May 16-19, at the Stevens Hotel, 
Chicago, the RMA elected and appointed 
the following officers: 

President 

R. C. Cosgrove, Exec. Vice Pres., Avco 
Mfg. Corp., Cincinnati, Ohio (new-4th 
term) 

Executive Vice-President and Secretary 

Bond Geddes (A'41), 1317 F Street, 

N.W., Washington, D. C. (re-elected) 
Vice-Presidents 

G. M. Gardner, Chairman, Wells-Gard- 
ner & Co., Chicago, Ill. (re-elected) 

R. E. Carlson, Vice-Pres., Tung-Sol Lamp 
Works, Inc., Newark, N. J. (re-elected) 

W. J. Barkley (M'29-SM'43), Exec. 
Vice-Pres., Collins Radio Co., Cedar 
Rapids, Ia. (re-elected) 

A. D. Plamondon, Jr. (SM'46), Pres., In- 
diana Steel Products Co., Chicago, Ill. 
(re-elected) 

A. Liberman (SM'49), Pres. Talk-A- 
Phone Co., Chicago, Ill. (new) 

Treasurer 

Leslie F. Muter, The Muter Co., Chi- 

cago, Ill. (re-elected) 
Director of Engineering Department 

W. R. G. Baker (A’19-F'28), Vice-Pres., 
General Electric Co., Syracuse, N. Y. 
(reappointed) 
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be valuable to college professors in preparing 
classroom' lectures. Frequent tabulations, 
summaries, and circuit diagrams are of con- 
siderable utility. 

Chapter Four, “Synchronous and Stag- 
gered Single-Tuned High-Frequency Band- 
pass Amplifiers," Chapter Five, “Double- 
Tuned Circuits,” and Chapter Fourteen, 
“Measurements of Noise Figure,” contain 
material of sufficient interest and importance 
to warrant special mention. Dec restorer cir- 
cuits are treated only briefly. The chapter on 
dc amplifiers does not include consideration 
of flicker effect on stability, and a nine-page 
index hardly seems adequate for a book of 
this size and scope. 

L. J. GIACOLETTO 


RCA Laboratories 
Princeton, N. J. 


908 


Cosmic Ray Physics, by D. J. X. Mont- 
gomery 


Published (1949) by ihe Princeton University 
Presa, Princeton, N. J.. 357 pages+12-page index 
+viii pages. 123 figures. 6 X9. $5.00. 


There is perhaps no field of research 
which has undergone as rapid and revolu- 
tionary a development during the past two 
decades as has the study of cosmic rays. 
During this short period the original con- 
cept that the primary cosmic radiation con- 
sisted of photons changed first to an electron 
hypothesis, then to a positive proton theory 
(with occasional suggestions of negative pro- 
tons), and more recently to the proton plus 
heavier charged particles concept. To write 
a book on a subject which is undergoing such 
rapid changés is a hazardous undertaking; 
the book inight well be out of date before it 
is published. 

Since “Cosmic Ray Physics" by D. J. X. 
Montgomery is the most recent book pub- 
lished on cosmic rays to the reviewer's 
knowledge (at the time of writing), it is also 
the most up to date. In general, the author 
has handled the broad scope of the subject 
very well by covering both the early work, 
as well as most of the important recent work 
(up to the publication date of September, 
1948), including a chapter on the very recent 
findings on charged particles heavier than 
protons in the cosmic radiation. 

The basis for the material in the book is 
a series of lectures given by Professor Mar- 
cel Schein of the University of Chicago at 
Princeton University in the spring of 1948. 
Professor Schein is one of the outstanding 
authorities in the field of cosmic rays, having 
worked with A. H. Compton at Chicago for 
many years, and, during the past ten vears, 
having himself made many notable contri- 
butions in this field. The original notes pre- 
pared from Professor Schein's lectures have 
been considerably expanded, and much ma- 
terial has been added, including some contri- 
hutions by Drs. Neils Arley and Shuichi 
Kusaka, both outstanding theoretical physi- 
cists in the field of cosmic rays. 

The book is written from the experimental 
point of view, and only such theory as is nec- 
essary to the fundamental concepts and the 
immediate experiments is included. Several 
chapters are devoted to the experimental 
equipment and techniques used in cosmic- 
ray work. A chapter on the intensity of cos- 
mic radiation discusses the absolute intensity 
as well as the geomagnetic effect and its re- 
lation to the directional intensity. The sim- 
ple Stoermer theory of the motion of a 
charged particle in the field of a magnetic 
dipole (the earth) is given in an Appendix. 

Mesons in the cosmic radiation are dis- 
cussed very completely under the heading of 
"Hard Component," and the types of meson 
—their charge, mass, lifetime, spin, etc.— 
are discussed in great detail. The chapter on 
the soft components, written by Dr. Arley, 
reviews the subject of the electron and pho- 
ton components without recourse to the very 
successful but somewhat complex cascade 
theory for which Dr. Arley was partly re- 
sponsible. 

The book is well organized and is pro- 
fusely illustrated with excellent. reproduc- 
tions of cloud chamber and photographic 
emulsion tracks, as well as many curves and 
line drawings. One of the Appendices con- 
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tains the very useful range-cnergy and range 
momentum curves for protons, mesons, and 
electrons, which were prepared by Princeton 
as part of an Office of Naval Research proj 
ect. 

"Cosmic Ray Physics” should 
valuable both to the individual working in 
other fields who has a good physics back- 
ground and a casual interest in cosmic rays, 
as well as a reference text for the worker in 
the field. ft should also serve as an excellent 
textbook for the studs of cosmic rays. 


prove 


E. H. Neat sk 


Naval Resear b T aboratory 
Washington 20, D, C. 


Radio at Ultra-High Frequencies, Volume II 


Published (1948) by the RC V Renew, ROA Lab- 
oratories, Princeton, N. j.. 485 pages +x pages. 350 
figures. 6 X9. $2.50, 

This is a well-organized reference work 
for the engineer engaged in development and 
research on systems and components in the 
ultra-high and higher frequency portions of 
the spectrum, Papers of major importance 
by RCA authors, which were published in 
various technical journals during the years 
1940 through 1947, and covering in general 
the frequency range 300-3000 Me, are here 
grouped in sections covering antennas and 
transmission lines, propagation, reception, 
radio relays, microwaves, measurements 
components, and navigational aids. A com- 
plete bibliography of the ultra-high-fre- 
quency field is appended in addition to 
summaries of all papers appearing in Volume 
I of "Radio at Ultra High Frequencies,” 

For those engineers and scientists un- 
familiar with ultra-high-frequency tech- 
niques, components, and systems, this hook 
provides under one cover material which 
previously was available only after much 
laborious library research. 


J. L. Herts 
Sperry Gyroscope Co, 
Great Seek L, L, N. Y, 


The Radio Amateur’s Handbook 


Published (1949) by the American Radio Relay 
League, West Hartford, Conn., 605 pages +10-page 
index. 1,651 illustrations. 63 X94. $2.00. 


This hardy perennial in the field of tech- 
nical literature, now in its twenty sith edi- 
tion, remains a mine of practical circuitry 
for the radio beginner, the active amateur, 
and the professional engineer alike. In no 
sense a substitute for a university course in 
electrical engineering, it nevertheless pre- 
sents a surprising amount of fundamental 
radio theory in an easily absorbable form, 
with a strong emphasis on phy sical concepts, 
rather than mathematical derivation and 
exposition. From the opening chapter re- 
viewing briefly the history, scope, and pur- 
pose of the amateur radio movement to the 
final tabulation of vacuum-tube data, the 
book hews closely to its avowed purpose of 
presenting within one cover the basic infor- 
mation needed to enter the field of amateur 
radio, and to remain abreast of those devel 
opments in the field of communications Most 
readily adapted to the amateur serv ice. 

Following two chapters devoted to a 
compressed but lucid exposition of electrical 
laws and vacuum tube principles, chapters 
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four to ten are given over to applications of 
principles in. practical equipment. Actual 
component values for typical circuits are 
given, together with photographs clarifying 
mechanical layout, and a considerable 
amount of the engineering “know-how” 
needed in practical design work is conveyed 
in this sugar-coated way. The succeeding 
five chapters are devoted to vhf and uhf 
principles and practice, with considerable 
use of circuitry brought to high development 
during the war, such as broadband rf ampli- 
hers, triode mixers, ete. Some principles of 
klystrons, magnetrons, waveguides, and 
Cavity resonators are also expounded, but 
the coverage of this field is spotty, and little 
practical equipment for microwave work is 
described. 

Chapter 16 is concerned with measuring 
equipment, mainly conventional frequency 
meters, crystal calibrators, grid dip oscilla- 
tors, and similar devices. The next seven 
chapters are given over to actual assembly 
and operation of a complete amateur station, 
and a dissertation on the organization and 
function of the American Radio Relay 
League. Two chapters on miscellaneous 
and vacuum-tube data of considerable refer- 
ence value complete the text, and there is a 
fairly comprehensive index. A “catalogue” 
section, in which many of the more promi- 
nent component manufacturers list such of 
their products as are well adapted to ama- 
teur service, completes the volume. 

It is perhaps imprudent to point out 
small deficiencies in a technical publication 
with an all-time circulation figure over the 
2,000,000 mark, yet it may be mentioned in 
passing that treatment of low noise rf input 
circuits, double superheterodynes, super- 
selective if circuits, and single sideband sup- 
pressed carrier techniques is rather. inade- 
quate, to say the least, and the question of 
television. interference, currently the most 
vexing problem facing the active amateur, 
his been merely skimmed. With these few 
qualifications, the book is an excellent. suc 
cessor to previous volumes in the series, and 
practically a “must” for those participating 
in the amateur hobby. 


L. JBROMt STANTON 
RCA Institutes 
New York 14. N. Y. 


Radio Fundamentals, by Arthur L. Albert 


Published (1948) by the McGraw-Hill Book Co. 
330 W. 42 5t., New York 18, N. V. 583 pages +11-page 
index +yii pages. 320 figures. 63 X91. $4.50. 

In his preface, the author indicates that 
this new book is designed primarily for be- 
ginning students, for radio technicians, and 
for radio amateurs, rather than for advanced 
radio engineers. Within the limitations 
he prescribed for himself, he has done well, 
although portions of his material may be 
beyond the comprehension of the group 
for whom he is writing. Although the impor- 
tant aspects of radio have all been dealt with 
moa manner that should be understood by 
most readers, the use of complex algebra in 
those cases where mathematics is used seems 
to be à sophistication incommensurate with 
the avowed level of the text, 

_ Chapter One, “Fundamentals of cous 
ties,” presents an Interesting summary of 
architectural acoustics AS applied to prob 
lems of studio desien, and also a general 
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treatment of microphones. The next three 
chapters, entitled “Electrical Fundamen- 
tals,” “Seriesand Parallel Resonant Groups,” 
and “Power Transference and Impedance 
Matching” respectively, serve as a review of 
the basic electrical theories underlying most 
radio work. The other chapters deal with 
transmission lines, cables, and networks; 
vacuum tubes; rectifiers; voltage and power 
amplifiers; oscillators; modulation and de- 
modulation; radio transmitters and receiv- 
ers; and antennas and radio transmission. 
The use of numerous sketches to illustrate 
the operation of the important modulators 
and demodulators makes the chapter on that 
subject particularly noteworthy. A large 
number of illustrated examples is given 
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throughout the text, serving to indicate how 
problems that arise in radio are analyzed 
and solved. In some cases, however, the ana- 
lytic basis for the calculations has not been 
included. 

A rather serious weakness of the text is 
the looseness in the discussion of the equiva- 
lent plate circuit representation of a vacuum 
tube, and also the subsequent discussion of 
the voltage gain of an amplifier. Equation 80 
on page 273 gives the gain of a single stage 
amplifier as positive, thereby ignoring the 
180-degree phase shift through the ampli- 
fier. All subsequent gain formulas suffer in 
the same way. Thus one cannot tell from 
equation 115 whether the output from a 
cathode-follower is in phase or out of phase 
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with the input. While this may be a minor 
point when discussing the operation of a sin- 
gle stage, the relative phase is frequently 
more important than the gain. Several ob- 
vious errors have eluded the proofreaders. 
For example, the photograph on page 113 is 
upside down. Also, on page 129 it is stated 
that G, the shunt leakage of a transmission 
line, is given in ohms per unit length, instead 
of mhos. 

On the whole, however, this book is one 
of the better books on the beginner's level, 
and should find an important place in the 
literature of radio. 


SAMUEL SEELY 
Syracuse University 
Syracuse 10, N. Y 
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Philip J. Senn (4'43-M'46), an 
active member of the Dayton Sec- 
tion of the IRE, died in an automo- 
bile accident while on his way to 
attend the Cincinnati Spring Tech- 
nical Conference on Television. 

Born in Chicago, Hl., on June 17, 
1916, Mr. Senn studied at the Lewis 
Institute and also took courses in 
special military communications 


and radar. In 1942 he joined the 
staff of the Signal Corps Aircraft 


Radio Laboratory at Wright Field, 
Dayton, Ohio, transferring the fol 
lowing year to the Signal Corps 
Aircraft Radio Engineering School 
in Dayton as an instructor. Since 
April, 1946, he had been associated 
with the USAF Air Matériel Com 
mand, Aircraft Radiation Labora- 
tory, as a radio project engineer on 
the research and development of 
guided missile radio control equip 
ment, 
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Arthur V. Loughren (A'24 -M'39-8M'43 - 
F'44) has been elected vice-president in 
charge of research of the Hazeltine Elec- 
tronics Corp.'s Board of Directors. Orville 
M. Dunning (A'31 SM'44) was made vicc- 
president in charge of engineering: and 
James F. Willenbecher (8M'44) was chosen 
vice-president in charge of manufacturing. 

Mr. Loughren has been on the Hazeltine 
staff since 1936, during which time he has 
made many contributions to the theory and 
practice of television. Previously he was 
associated with the General Electric Co. as 
a consultant on vacuum-tube problems, and 


we supervisor of broadcast receiver develop- 


ment, and later with the RCA Manufactur 
ing Company, where he was in charge of 
testing and inspection. 

Mr. Dunning was chief engineer for the 


Sonora Phonograph Co; then became 


manager of the Telediphone department of 
the Thomas A. Edison Co., and, in 1940, 
chief engineer of the Gray Manufacturing 
Co. Joining Hazeltine in 1941, he has been 
responsible for the administrative and 
technical supervision of the company’s 
engineering work under military contracts. 
Before he joined Hazeltine in 1942, Mr. 
Willenbecher served on the staff of the 
RCA Manufacturing Co., and also of the 
Philco Corp. Prior to this alvancement, he 
was manager of the production division. 


* 
Dx 


J. E. Shepherd (A'36-8M'44-F'48) was 
recently elected the 1949-1950 president of 
the Technical Societies Council of New 
York, Inc. He is the fourth president of the 
council, which was organized in 1946 and has 
a meml ership of seventeen engineering, sci- 
entific, and technical societies in the metro- 
politan area, representing more than 25,000 
members. Dr. Shepherd, a director of the 
IRE, has been active in the New York Sec- 
tion activities, serving as Chairman in 1947- 
1948, and Secretary in 1944-1945. He was 
given the Fellow award in 1948 "for his con- 
tributions to the development of airborn 
radar armament and for his active partici- 
pation and leadership in the functions of the 
Institute.” 


Louis G. Pacent (A'12-M'15-F'47), 
president and technical director of the 
Pacent Engineering Corp. in New York, 
N. Y. has been appointed consulting en- 
gineer by Plessey International, Lid., in 
Ilford, Iessex, Iengland. 

Mr Pacent was born on June 23, 1893, 
in New York, N. Y., and he received the 
Liek. degree from Pratt Institute in 1916. 
From 1915 to 1917 he was advertising man- 
ager for the ERE, and he has also been a 
member of numerous Enstitute Committees. 
In 1947 he received. the War Department 
Certificate of Appreciation for his services 
to the Signal Corps 


A Fellow of the Society of Motion Pic- 
ture Engineers, the Radio Club of America, 
and the AIEE, Mr. Pacent is also a member 
of the last organization's Board of Exam- 
iners, and a member of the Acoustical Soci- 
ety of America and the Engineers Club of 
New York. 


* 
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Allen B. DuMont (M'30—F'31), presi- 
dent of the Allen B. DuMont Laboratories, 
Inc., received the honorary doctor of 
science degree, conferred by the Brooklyn 
Polytechnic Institute on June 15, 1949. 


Ralph E. Hantzch (M’48), su- 
perintendent of manufacturing of 
exploration and production instru- 
ments and equipment at the Shell 
Oil Co. in Houston, Tex., died early 
this year. 

Mr. Hantzch was born in Mil- 
waukee, Wis., on April 2, 1896. In 
1918 he was employed as an instruc- 
tor at the Signal Corps School of the 
University of Wisconsin, following 
which he served as a student assist- 
ant in physics and radio for the next 
two years. From 1920 to 1921 he was 
an instructor in physics and ele- 
mentary mathematics at the Uni- 
versity of Wisconsin, receiving the 
B.S. degree in electrical engineering 
at the end of that period. 

Following his graduation, Mr. 
Hantzch joined the Bell Telephone 
Laboratories as a designing engi 
neer. He left in 1927 to become chief 
engineer at the Best Manufacturing 
Co. In 1930 he resigned to work asa 
private consulting engineer on the 
ater acoustical apparatus. Six years 
later he became a development engt 
neer for the T, A. Edison Co. He 
joined the Shell Co. in 1938 
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Samuel Lubkin (SM'46) has been ape 
pointed consultant to the machine de. 
velopment laboratory, a division of the 
National Bureau of Standards' applied 
mathematics laboratories. There he will ad- 
vise on the logical, mathematical, and en- 
gineering aspects of electronic computers, 
particularly the development of the NBS 
Interim Computer and a full-scale com- 
puter for one of the Army agencies. 

Beginning his career in 1929 as a de- 
sign engineer and test supervisor for the 
Otis Elevator Co., Dr. Lubkin left ten years 
later, and the following year became director 
of the Philadelphia Signal Depot's inspec- 
tion laboratory, acting as general consultant 
on technical matters to the Signal Corps 
Inspection. Agency and the Signal Corps 
Procurement Ágency. In 1946 he was ap- 
pointed engineer-in-charge of computing 
machines at the Aberdeen Proving Ground, 
leaving to become engineer-in-charge of the 
digital computer section of the Reeves In- 
strument Corp. the following year. At the 
same time, he was lent as consultant to the 
University of Pennsylvania for research on 
the EDVAC and ENIAC. Dr. Lubkin left 
the Reeves Instrument Corp. in 1948. 

Inventor of a number of control devices 
and author of many technical papers, Dr. 
Lubkin has conducted extensive research in 
electrical, electronic, and mechanical engi- 
neering, and applied mathematics. His work 
has included experimental and mathemati- 
cal investigations on stresses and vibrations 
in mechanical structures, analyses of transi- 
ents in motor-speed control arrangements, 
programming and design of electronic com- 
puters, and instrumentation. 


Wesley Tate Guest (.\’32-SM'47), for- 
merly a colonel in the Army Communicae 
tions Service Division of the Signal Corps, 
was promoted recently to the rank of 
brigadier general. 

General Guest was born on March 18, 
1900, and received the engincering degree 
from Cornell University in 1921. The follow- 
ing year he attended the Army Signal School 
and in 1928 and 1929 he did graduate work 
at Yale University, receiving the M.S. de- 
gree. In 1946 he was at the National War 
College. 


Wilson A. Maisel (A'46), head of 
the electronics department of the 
Frank H. Parks Co. in Portland, 
Ore., died early this year. 

Mr. Maisel was born on Novein- 
ber 5, 1918, in Deming, N. M., and 
was educated at the Stayton High 
School in Stayton, Ore., graduating 
in 1936. After working as a techni- 
cian ina radio service shop,in 1940 he 
became assistant to the superintend- 
ent of the Instrument Laboratories, 
Inc., of Seattle, Wash., where he 
was in direct charge of the design, 
manufacture, and servicing of ma- 
rine and industrial electronic instru- 
ments. 
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William Webster Hansen (A'39— 
F'47), radar pioneer, died recently of 
a heart attack after a long illness. 

Born in Fresno, Calif, in May 
1909, Dr. Hansen was graduated 
from Leland Stanford University at 
the age of twenty, and he became a 
faculty member the next year, re 
maining there until his death, Early 
in his teaching career he taught sev- 
eral advanced physics courses which 
he himself had not taken as a stu- 
dent. Later he included them in his 
studies for the doctorate, which he 
received in 1932. 

In 1937 Dr. Hansen began work 
on a device to prevent airplanes from 
flying into mountains, and from this 
research came the klvstron, one of 
the inost important elements of ra 
dar. Afterward Dr. Hansen and his 
co-workers developed other pieces of 
radar equipment, including the 
rhumbatron, which is also used in 
atom-smashers. 

In 1944 Dr. Hansen was awarded 
the IRE's Morris Liebmann Memo- 
rial Award for the "application of 
electromagnetic theory to radiation 
antennas, resonators, and electron 
bunching, and for the development 
of praatical equipment and measure 
ment techniques in the microwave 
field." During the war he worked an 
eight-hour shift in the Massachu- 
setts Institute of Technology's ra- 
diation laboratory; then commuted 
to the Sperry Gyroscope Co.'s 
laboratory on Long Island for an- 
other eight-hour stretch, It was asa 
result of this wartime schedule that 
he became ill. He entered a hospital 
last fall on his return from attend- 
ance at an international atomic 
physics conference at the University 
of Birmingham in England. 

At the time of his death he was 
professor of physics at Stanford and 
director of the Univerity’s micro- 
wave laboratory. The billion-volt 
linear accelerator and atom smasher 
now under construction on the Stan- 
ford campus was planned and de 
signed by him. He was a member of 
the National Academy of Science. 


Irving G. Wolff (A'27-F'42), director of 
the Radio Tube Research Laboratory at the 
RCA Laboratories, received the Distin- 
guished Public Service Award of the Navy 
Department, the highest honor bestowed on 
a civilian by the Navy, in recognition of his 
achievements in electronics and radir, 

Born in July, 1894, in New York City, 
Dr. Wolff received the B.S. degree in physics 
from Dartmouth College in 1916 and the 
Ph.D. from Cornell University in 1923, Dur- 
ing the interim he taught at lowa State 
College in 1919 and 1920, and at Cornell 
from 1920 until he received the doctorate. 
In that year he did research on polarization 
capacity for the Ileckscher Research Coun- 
cil, joining RCA in 1924 as a member of the 
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technical and test departinent, From 1930 tq 
1941 he was with the research division of 
the RCA Manufacturing Co, in Camden, 
N. J.. and since then he has been with the 
laboratories. 

Dr, Wolff's specialization is in problems 
dealing with microwaves, radar, and avia- 
tion, He has been a member of a number of 
Institute Committees and represented the 
IRF on the American Standards Associa- 
tion's Sectional Committee on Acoustical 
Measurements and Terminology. A fellow of 
the American Association for the Achieve- 
ment of Science and of the Acoustical Soci- 
ety of America, he also is a member of the 
American Physical Society. 


Alfred C. Viebranz (A'48), formerly gov- 
ernment sales representative for the clec- 
tronics division of Sylvania Llectric Prod- 
ucts Inc., at Boston, Mass., has been ap- 
pointed their special representative at Wash 
ington, D, C. In addition he will act as 
à technical consultant in all phases of gov- 
ernment relations. Prior to joining Sylvania, 
he was in the submarine service as a lieuten- 
ant in the U. S. Naval Reserves. During the 
war he was chief engineer and executive 
officer on the U.S.S.  Hadde, and was 
awarded two silver stars and a bronze star 
for combat duty in the South Pacific. Later 
he served as electronics officer on the USS. 
Sarda. 

A native of New Rochelle, N. Y., Mr. 
Viebranz received the B.S. degree in physics 
from St. Lawrence University in 1942, while 
serving the United Press as a statf cor- 
respondent. Later he attended the postgrad- 
uate school of the United States Naval 
Academy, and was graduated as a communi- 
cations engineer. 

The College of Wooster conferred the 
honorary degree of doctor of science on Vic- 
tor J. Andrew (A'25-M'30-SM'43) at its 
seventy-ninth annual convention on June 
13, 1949. Dr. Andrew was graduated 
from the College in 1926, and received the 
Ph.D. degree (rom the University of Chicago 
in 1932, in recognition of work there in phys- 
ics. le is now chairman of the Board of 
Directors of the Andrew Corp., which he 
established in 1936. 


Ambrose C. Kibler (A'44), for- 
merly chief engineer for radio 
stations. WNEX and WNEX-FM, 
m Macon, Ga., was fatally injured 
in an automobile accident on May 
16, 1949. Born in South Carolina in 
1918, he received the A.B. degree from 
Newberry College in 1934. He became 
a radio technician by studying in. his 
spare time, and was an instructor at 
the radio training school maintained 
by the Signal Corps, WRASC, in War 
ner Robins, Ga., from 1942 until the 
end of the war. Mr. Kibler’s title 
was civilian radio training adminis- 
trator. 
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William E. Osborne (ÀA'41) has been des- 
ignated chief of the electronic and guidance 
division of the Marquardt Aircraft Co. 
This division has been an operating unit 
under Mr. Osborne since 1947, and has just 
recently been moved to Van Nuys, Calif. 

Mr. Osborne has been engaged in elec- 
tronic and radar work since 1925, when he 
received the E.E. degree from Queens Col- 
lege, in Melbourne, Australia. Now a U. S. 
citizen, he was a British Navy captain dur- 
ing 1939 and 1940, and subsequently served 
as a radar liaison officer to both the United 
States and British Governments. In 1945 he 
was associated with Gilfillan Brothers, Inc., 
as principal radar design engineer until 1917, 
when he organized the division of which he 
is now chief. 


J. W. Head (A'44-M'48) was awarded 
the honorary LL.D. degree by Piedmont 
College, Demorest, Ga., at commencement 
exercises on June 5, 1949. The degree is being 
conferred for distinguished service as an 
educator, engineer, and practical scientist 
and is the highest honor the school can be- 
stow. Mr. Head is president and founder of 
the Electronics Institute, Inc., of Detroit, 
Ill., and also directs the activities of In- 
dustrial Electronics, Inc., a professional 
consultant organization. 

A graduate of Oglethorpe University in 
1935, Mr. Head later became associated with 
Lee DeForest, the “father of radio.” He 
was recently elected president of the De- 
troit Section of the Instrument Society of 
America, and holds membership in the De- 
troit Television Roundtable and the Engi- 
neering Society of Detroit. 


Roger E. Robertson (A'48) has been ap- 
pointed to the staff of the National Bureau 
of Standards, where he will conduct engineer- 
ing research for the guided missile projects 
of the electronics division. 

A native of Jaffrey, N. H., Mr. Robert- 
son won the freshman competitive scholar- 
ship to the Massachusetts Institute of 
Technology, and was the recipient of further 
undergraduate and graduate scholarships. 
While studying for the bachelor of science 
and master of science degrees in electri- 
cal engineering, both of which he received 
in 1942, he worked on co-operative assign- 
ments at the General Electric Co. Upon his 
graduation he joined General Electric on a 
full-time basis, leaving in 1946 to become an 
electronics engineer at the Bell Telephone 
Corp., where he directed and supervised the 
electronic phases of a flight-test program for 
guided missiles. 

Mr. Robertson has worked on the design 
of fire-control radar and other electrical and 
electronic systems, He is a member of Eta 
Kappa Nu. 


Elmer W. Engstrom (A'25-M'38-F'40) 
vice-president of KCA in charge of research 
was given the honorary doctor of science de- 
p by New York University on June 15, 
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George C. Schleter (A'38-VA'39) has 
been appointed to the staff of the National 
Bureau of Standards, where he will conduct 
an engineering development program on 
guided missiles, including missile systems 
and components, in the Bureau's electronics 
laboratories. 

Mr. Schleter was born in Seymour, Ind., 
and attended Purdue University, from 
which he received the B.S. degree in 1922. 
He spent the next three years as a member 
of the faculty of New York University, from 
which he received the master of science de- 
gree in 1925. In that year he was appointed 
head of the mathematics and physics de- 
partments of Broaddus College in Philippi, 
W. Va., and he left in 1928 to become a civil- 
ian physicist on the staff of the U. S. Army 
Air Corps at Wright Field. 

From 1931 to 1934 Mr. Schleter worked 


. on the development of blind landing systems 


at the National Bureau of Standards; then 
he engaged in microwave research at the 
Naval Research Laboratory, as well as de- 
veloping antennas for ASB radar, radio 
transmitters, and confidential microwave 
research. Early this year he rejoined the 
National Bureau of Standards. 

Mr. Schleter is a member of Eta Kappa 
Nu. 


Everard M. Williams — (S'36-A'41- 
SM'44), of the Carnegie Institute of Tech- 
nology, has just been promoted to a full pro- 
fessorship at that institution. 

Born in 1916, Dr. Williams studied at 
Yale University, receiving the doctorate in 
1939. Shortly afterward he became an in- 
structor at Pennsylvania State College, leav- 
ing in 1942 to become chief engineer of a 
secret radio weapons laboratory at Wright 
Field, Dayton, Ohio. 

At the end of the war, in 1945, Dr. 
Williams joined the faculty of the Carnegie 
Institute. There he helped in the develop- 
ment of the new Synchro-Cyclotron, of 
which he designed the oscillator and de- 
flector. In 1946 he was voted America’s out- 
standing young electrical engineer for 1946 
by the Eta Kappa Nu Assn. He was also 
awarded the President's Certificate of Merit 
for his war work. 


D 


Paul Ware (A'17-SM'44) has been ap- 
pointed head of the DuMont Laboratories' 
new electronics parts division. 

From 1907 to 1912 Mr. Ware served as 
a wireless operator for Atlantic Deforest, 
American Deforest, United Wireless, and 
Marconi. He received the M.E. degree from 
the Stevens Institute of Technology in 1917 
and subsequently enlisted as a sergeant in 
the U. S. Army during World War I. Rising 
to the rank of second lieutenant, he was re- 
sponsible for the 75-meter break-in trench 
telegraph set known as SCR77, on which he 
had previously worked with Professor Hazel- 
tine at Stevens. 

From 1922 to 1925 Mr. Ware was en- 
gaged in operating one of the pioneer radio 
receiver enterprises which developed, manu- 
factured, and sold over 200,000 receivers 
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known as the “Ware Neutrodyne.” He de- 
veloped and patented a duplex radio com- 
munications technique embodying the break- 
in feature and many other improvements 
important at the time, including the first 
completely-shielded receiver and the double- 
oppositely-wound loop. 

From 1925 to 1935 Mr. Ware was con- 
sultant for Splitdorf-Bethlehem, Sonora 
Phonograph, R. E. Thompson, and also for 
the Monmouth Memorial Hospital, and en- 
gaged in the design and manufacture of radio 
sets for various companies. In 1935 he joined 
P. R. Mallory and Co. as consulting engineer 
and remained there until 1939, when he 
transferred to DuMont. 

In 1912 and 1943 Mr. Ware served as 
president of the Radio Club of America. 


Leslie J. Woods (M'35-SM'43) has been 
appointed vice-president and director of re- 
search and engineering to head all engineer- 
ing and research activities of the Philco 
Corp. 

Mr. Woods joined Philco in 1925, after 
serving in the British Army during the first 
World War, and playing an important role 
in the development of British communica- 
tions in the Middle East. In 1928, when 
Philco began research work in television, 
Mr. Woods was named first television engi- 
neer, and served in this capacity for two 
years. From 1930 to 1938 he occupied posi- 
tions of increasing responsibility in the 
company's engineering department, design- 
ing and developing both vacuum tubes and 
radio receiving sets. During this period he 
took charge of automobile radio engineering 
for the corporation, and in 1941 was made 
manager of the car manufacturers' division, 
with headquarters in Detroit. 

On the outbreak of war he was trans- 
ferred to Washington, where, in 1942 he be- 
came vice-president and general manager of 
the National Radio Corp., at that time a 
Philco subsidiary, to assist that company in 
expanding its organization to meet the 
greatly increased wartime demands of the 
army and navy. Following the war, he re- 
turned to Philco as manager of the com- 
pany’s industrial division, which takes care 
of automobile and aircraft radio, as well as 
advanced radar equipment for the armed 
forces, and in 1948 he was elected vice-presi- 
dent of the division. 

Daniel R. Donovan (A'44), formerly vice- 
president and sales manager of the Callite 
Tungsten Corp., has been appointed sales 
manager on elmet and fine wire products, for 
the North American Philips Co., Inc., in 
Lewiston, Me. 


George L. Downs (AÀ'44) has been placed 
in charge of the transformer operation of 
Ratheon Manufacturing Co., at Waltham, 
Mass. Mr. Downs was formerly head of 
Raytheon's production test department, and 
methods and cost estimating department. A 
native of Texas, he is an amateur radio op- 
erator, his call letters being WICT. 
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Cover Sheet for Technical Memoranda— A 
Technique in Information Exchange 


R. 


Summary—An account is given of the origin and 
use of a routine for disseminating new technical in- 
formation and ideas rapidly and flexibly through the 
large engineering and research organization of Bell 
Telephone Laboratories. The essential philosophy 
back of this routine is that technical memoranda have 
the status only of the individual engineer's personal 
authority, and hence may be circulated directly and 
widely across departmental lines for information and 
discussion. Departmental policy in relation to such 
memoranda is established by covering letters where 
such action is necessary. The objectives approached 
and benefits accruing from this procedure are briefly 
discussed, 


INTRODUCTION 


NE OF IHI routines to which a 

new technical employee in Bell Tel- 

ephone laboratories is soon intro- 
duced is that of the "Memorandum for File,” 
together with its inseparable companion, 
“Cover Sheet for Technical Memoranda.” 
Such an individual may be tempted tore- 
gard this latter as a piece of bureaucratic red 
tape di signed to supply work for stenogra- 
phers and filing clerks, but in time he learns 
that it hus definite relations to the organic 
needs of our ty pe of work. 

Starting in a small way about twenty 
year» ago in a small research group working 
on Carrier transmission, this cover sheet has 
had its use spread in turn to the department, 
the gencral department, and finally to all of 
our technical general departments. We will 
not trace out the little variations in its form 
and use from then to now, as a description of 
Ils present st itus will sufhee to bring out the 
essential philosophy in back of its initiation 
and survival. 

Without attempting to delve deeply into 
the nature of our Laboratories’ organization 
or its technical work, there are two aspects 
of it which appeir apposite to our present 
discussion. First, there is a vertical division 
of effort betwen such major functions as Re- 
search, Appiritus, and Systems. Each of 
these, in turn, is divided into other func- 
tional divisions, such is Physical Research, 
Chemic il. Rescarch, Acoustic Research, 
Transmission Research, etc, which in turn 
are broken down into sull more specialized 
compartments. [t is in these speci ized com- 
parunents that we strive for new knowledge, 
new types of apparatus, and new systems for 
application. [he second aspect to our method 
of working is a horizontal one. Closely re- 
lated lines of work must continually draw on 
each other for supporting information and 
specific projects, such as a new machine 
switching system or a microwave transmis 


* Decimal classification ROO Original manu- 
script received by the Institute, March 3, 1949. 
his paper 18 an expansion of discussion prepared 
in relation to the paper by Allen H Schooley, U. 5. 
Naval Research Laboratory, entitled, "Information 
exchange as a management tool in a large research 
organization,” presented at the National Electronics 
Conference, Chicago, Ill, on November 5, 1948, and 
published in Proc. 1. R,E., vol. 37, pp. 429-432; April 
1949. 
f Bell Telephone Laboratories, Inc, Murray Hill, 
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sion system will need to be in touch with the 
work of a wide range of specialized workers. 
Within this simplified picture of the duality 
in methods of operation, it can be sen thit 
there are numerous areas of work which need 
to be co-ordinated, continuously and flexibly, 
The technique to he described is one me ins to 
this end. 


OBJECTIVE s 


From the above brief introduction to the 
nature of the problem, a litth consideration 
will enable us to set up 1 croup of objective 
whose attainment we believe to be f irthercd 
by the use of the cover sheet. 


1. Rapid disse mination of information to 
those most probably intcrested 

2. ‘The encouragement of direct cont ict 
between individual engineers 

3. The avoidance of extensive duplici 
tion of effort. 

4. The avoid ince of vested interests in or 
undue isol ition of ficlds of work 

5. Speeding up reviews of paist work 


The two media which we hive tor the 
spreading of ideas are the oral and the writ 
ten word. From the standpoint of speed and 
fluidity of interchange of ideas the former is 
the more effective, while the latter has its 
advantages from the stindpoint~ of record 
and study, In the F iboritorics, the use of 
the oral word is fostered by the medium of 
conferences in groups and between individ 
uals with all the ids antages attendant upon 
personal acquaintanceship. However in 4 
large organization one cin never be quite 
sure that all neces- iry or desirable personal 
contacts are established, ind ume ilone pre- 
cludes trying to establish all possible ones. 
This situation is rendered more serious by 
the fact that many, if not most, of the best 
engineers and research men are of the sub- 
jective type,’ and do not venture fir in «s 
tablishing personal cont uts. 


Int MECHANISM 


It thus becomes importim to hive 4 
method for using the written word in the most 
flexible and direct fashion for furthering the 
objectives outlined ibove. The cover sheet, 
a typical example of which is shown in F HK. 
1, has been evolved to supply this ned. The 
first line is the subject and the «ise number 
under which expenditures for the work ir 
authorized. Below this on the left is routing 
list. If the memorandum i5 deemed to con 
tain patentable material, the No. 1 copy, 
signed by the author, is forwarded to the 
Patent Department, generally with i cover 
ing letter containing addition il discussion. 
The second, or yellow copy, also ~igned, pocs 
to the Case File for permanent record. [he 
third copy generally goes up the linc of su- 

'C. E. Broadly and M Broadley 


Real Abilities,” Chaps 6 and 7 
Co, New York, N. Y. 1948 


"Know Your 
McGraw Hill Book 


pery ision to the department files. It is there- 
mainder of the routing list which accom- 
pli-he- our object of rapid information dis- 
-emination, Here the author lists the names 
of individual engineers in his own or other 
departments to whom he believes the subject 
is of direct interest. There mas be only a few 
or there m iy be several dozen. If he believes 
tchat a certan group is or ought to be inter 
tested. but he does not know the individuals 
concerned or their responsibilities, he may 
route a cops to the group head. T he engineer 
mis confer with his immediate supervisor as 
to the general coverage of the list. It may 
cut across not only all department lincs, but 
ilo ill rinks from a general department head 
to individual engineer. 

Io the right of the page is a routine MM 
identification number, the date and the au 
thor" name MM signifies "Memorandum 
for File " The identification number consists 
simply of the last two digits of the year, the 
department number, and the serial number 
of the memorandum for thit department for 
th it vear. Under the author's name there is 
included a hhing subject or ty pe of work title. 

The objectis e of ripid dissemination of 
ideas ind know'cdoc a ittained by virtue of 
the wav in which the routing list cuts across 
all departmental lines. No time is lost in go- 
ing fivc or «1 steps up ind a similar number 
down with the inevitable del iss due to pres 
stre of other work, questions raised, etc. The 
objective of encour iging personal cont act is 
attuned because an individual of the sub 
Juve type (whe mis rarely «peak up in a 
group conference wall, upon reading 3 re 
port of special interest to him, reach for the 
tlephone to mike an appointment for a per 
sonal conference His object mais be to «ek 
further information or to argue a divergent 
Viewpoint, but either way a new friendship 
or improvement in mutual interests gener 
Wy results. 

Below the routing and filing information 
on the cover shect there is a brief abstract 
stun, the substance of the memorandum. 
This ts of c» peciil interest to supers isors and 
department heads. First, in relation to ob- 
yecuve No, Lthcy cin revics the routing list 
to caf every one in their group who should 
have à copy ot that material is on the list. 
Second, it enables them to keep a running 
check on the third indtourth objectives hiv- 
ny to do with intcrdc partmental division of 
etort and interdepirtmental correlation. 

The ttth objective is furthered if a file is 
kept by subject matter. We hive done this 
in the pist by hecping a tile ot cover sheets 
only arranged by subject or class of work. At 
pre nt this ty pe ot tile is being kept on 3X5 
inch cards An enuineer review ing or reopen 
ing i line of work thus his availuble a vood 
bricf guide to the more important memo- 
randa to read. He also gets 1 pood steer as to 
Which indiv iduals he should «eek out first tor 
Personal contact, 

A turther check on the adequacy of dis 
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COVER SHEET FOR TECHNICAL MEMORANDA 


sus)ECT. Terminology for Semiconductor Triodes - Comnittee 
Recommendations - Cese 38139-3 


COPIES TO: 

1 -Dept, 1000 File 
-R.Bown - Case File 
-R.K.Potter 

=- J.R.Vilson 
-G.W.Gilman 

- J,W.Mckhae 
H.S.Black 
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C. B. Feldman 
-W.E.Kock-R.L.Wallace 
12 -J.A.Becker-J.N.Shive 
13 -W.Snockley 

l4 -J.H.Scaff-w.G.Ffann 

15 - J.A. Bardeen 

16 -W.H.Brattain 

17 - A. C.llorvine-D.M.Chapin 
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19 -F.Gray 
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mm—46-130-10 
oateliay 28, 1948 
AUTHOR L.A „Meacham 
C.0.Mallinckrodt 
H.L.Barney 


Surface States - 
Terminology 


20-U.R.Pierce 
21-J.%.Kreer 
22-J.0.Edson 
23-11. E, Mohr 
2U-L.A.Meacham 
25-C.0.Mallinckrodt 
26-H.L.Barney-E.Dickten 


ABSTAACT 


Recomrendations are made for an equivalent cir- 
cuit representation, and terminology relating to semi- 


conductor traodes. 


Fig. 1 


tribution is maintained by the monthly circu- 
lation, to a certain level of supervision, of a 
list of titles and authors of all technical 
memoranda for file. Several sets of circula- 
tion file copies are maintained for use on a 
reference basis to take care of requests result- 
ing from this circulation list. This freedom 


of circulation is only rarely restricted at cer- 
tain stages of special jobs and, of course, in 
the case of work being done on classified gov- 
ernment projects. In such work the routing 
list includes only authorized individuals, and 
the MM title is withheld from the monthly 
circulation list. 
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STATUS OF TECHNICAL MEMORANDA 


It may be objected that this free circula- 
tion of memoranda might induce confusion 
between the work of departments. This is 
avoided by the status accorded these memo- 
randa. They are regarded as the technical 
expositions of his work by the individual en- 
gineer and carry only his personal authority. 
Thus, a supervisor may approve? them for 
file and circulation, even when not in full 
accord with some of the ideas expressed. 
They are only made a part of interdepart- 
mental policy and action when transmitted 
with covering letters signed by supervision 
and to the degree set forth in each letter. 

From this independent status given to 
the technical memoranda for file, there de- 
rive benefits quite aside from the original ob- 
jectives of dissemination of information. 
These mentoranda become, for the individual 
engineer, a medium of publication to a large 
group of his associates, not only of the results 
of work done, but also of his judgment of the 
significance of the work and of his plans and 
hopes for the future. Sympathetic supervi- 
sion can thus encourage the development of 
the individual through constructive criti- 
cism of this medium of expression. The high 
standard attained in the writing of many of 
these memoranda is testified to by the fact 
that, not infrequently, they become, with 
only slight changes to adapt them to a new 
and wider audience, the manuscripts for 
publications in the technical press. 


2 There is some feeling that even this degree of 
approval is not necessary. 


Radioactive Standards and Methods of Testing 


Instruments Used in the Measurement 


Summary—A summary of the program for stand- 
ardization of radioisotopes at the National Bureau of 
Standards is given in this paper, with some of the 

| reasons for need of absolute measurements of radio- 
isotopes in particular uses. This is accompanied by an 
outline of some of the methods used to ascertain char- 

| acteristics of commercial instruments used in the 
measurement of radioactivity, with particular empha- 
sis on those methods used at the National Bureau of 
Standards for this purpose. 


INTRODUCTION 


| JHE MEASUREMENT of radioiso- 
topes has assumed new importance in 

v recent years. This can be attributed 
10 the increased production of artificially 
* Decimal classification: 539.7 X621.375.6. Origi. 
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produced isotopes, which, in turn, has led to 
a greater diversity of uses. The expansion in 
the requirements for measurements has de- 
veloped much faster than the development 
of equipment for the purpose, both in quan- 
tity and in quality. Instruments commonly 
used in measurements of radioactive radia- 
tions rarely have been of the type which 
could be reliably calibrated quantitatively 
with the expectation that such calibrations 
could be relied upon over long periods of 
time. As more sensitive and complex instru- 
ments have been developed, the instability 
has increased. Therefore, many difficulties 
are encountered, which are chiefly of an in- 
strumental nature, where absolute measure- 
ments of activity are required. While this 
situation may be said to result indirectly 
from the increased amounts of various radio- 


isotopes now available, it arises chielly from 
new uses which have been found for these 
isotopes, where absolute measurements are 
essential. 

Before radioisotopes were available in 
quantities to encourage practical uses, they 
were mainly the subject of investigations re- 
garding their structure, modes of disintegra- 
tion, and related basic information. Meas- 
urement in this field can be accomplished 
without any knowledge of the absolute 
amount of the isotope under study. Kach in- 
vestigator sets up his own arbitrary scale of 
units, based on instruments and techniques 
usually available only to himself. The only 
comparison of his resulta with those of oth- 
ers, using different quantities and methods, 
is made in the conclusions deduced from the 
measurements, In many tracer experiments 
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a similar situation exists. An arbitrary scale 
of activities set up for a particular experi- 
ment suffices to yield the desired quantita- 
tive resulta. 

There is one radioisotope which has re- 
quired quantitative measurements for many 
years. This radioisotope is radium. Accurate 
standards! of radium were set up interna- 
tionally in 1913. A survey of the principal 
reasons for this procedure throws considera- 
ble light on the nature of the present demand 
for absolute measurements for artificially 
produced radioisotopes. The more impor 
tant of these are that (1) radium has become 
an article of commerce; (2) it is used prin- 
cipally in the treatment of disease; (3) cer- 
tain physical investigations required abso- 
lute measurements of this isotope. An ex- 
ample of (3) is the determination of the dis- 
integration rate of radium. 

The same situation regarding radium is 
now true of many of the artificially produced 
radioisotopes, and the need for their absolute 
measurement has the same general basis. 
This has created a demand for standards of a 
large number of radioisotopes in forms suita- 
ble for calibration of a wide variety of instru- 
ments. The more recently developed instru- 
ments for radioactive measurements are 
more sensitive than the earlier instruments. 
They also exhibit a greater degree of insta- 
bility, and have more complex components 
which may fail to function properly. There- 
fore, the usual procedure in measurements of 
radioactivity—that of frequently checking 
the response of an instrument by using a 
standard—has become more necessary with 
present-day instruments. Most of these in 
struments are linear in their response only 
over limited ranges. This necessitates a se- 
ries of standards of different intensities to 
reduce errors which might be caused by this 
lack of linearity in the instruments. 

Accurate standards will not, by them- 
selves, solve the problem of accurate abso 
lute measurement. It is obviously equally 
important that the instruments function 
reliably within their limitations, and that 
these limitations be clearly recognized. As 
the instruments have increased in complex- 
ity, as compared with the gold-leaf, or Lau- 
ritsen, electroscope, with which many im- 
portant measurements have been made, the 
number of tests which must be made toas- 
certain proper operation has increased. The 
testing of instruments is thus a new require- 
ment in radioactive measurements. Until 
quite recently, practically all equipment 
used in radioactive measurements was con- 
structed in the laboratory where it was to be 
used, usually by the investigator himself. 
Thus, the construction and operational char- 
acteristics were entirely familiar to the user. 
This situation no longer obtains. Measuring 
equipment is now being produced commer- 
cially. Numerous companies are engaged in 
this production, with no two companies mak- 
ing a given instrument in the same way. The 
prospective user must, therefore, before he 
uses a particular instrument, ascertain 
whether it operates properly and determine 
its peculiar limitations. This must be accom- 
plished either by tests which he makes him- 
self or which are made for him. There is a 


! See definition in section on Standards. 
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sufficient diversity in instruments made by 
a single manufacturer to necessitate individ 
ual tests for each instrument. In many situa 
tions these tests must be made for the user, 
who frequently may not have the equipment 
and training to make them for himself. Thus 
we see that standards of radioactivity, and 
tests of instruments with which these stand 
ards are used, are both essential to absolute 
measurements of radioactivity. 

It is the purpose of this paper to describe 
some of the standards of radioisotopes al 
ready available; to outline the program for 
producing additional items in this list, and to 
discuss some of the precautions required in 
the correct use of these standards. This is 
followed by a description of some of the tests 
required for a few types of instruments, in 
cluding the equipment used for this purpose 


STANDARDS OF RADIOACTIVITY 


A radioactive standard is conveniently 
defined as a specimen of a given radioisotope 
for which the amount of the isotope present 
has been determined quantitatively. An il 
lustration is provided by the National Ra 
dium Standard which is deposited at the 
National Bureau of Standards. In 1913 
Madame Pierre Curie prepared some very 
pure radium salts which were used to deter 
mine the atomic weight of radium. Several 
hundred milligrams of these salts were used 
After the avork of determining the atomic 
weight was completed, this material was di 
vided into a number of portions, each por 
tion carefully weighed and sealed in a glass 
tube. These were then primary standards of 
radium, since the number of milligrams of 
the isotope radium in each tube had been 
accurately determined. This method of pre- 
paring a standard could be used for radium 
since the amount of radium, in equilibrium 
with its decay products, which produces a 
conveniently useful amount of radiation is of 
the order of several milligrams. This is a di- 
rect result of the slow rate of disintegration 
of radium. 

A little consideration shows at once that 
the gravimetric method of determining the 
amount of radioisotopes will fail for those 
isotopes which disintegrate more than 100 
times as fast as radium. We might consider 
Co“ as an example. A sample of radium con 
taining 10 mg of the isotope will have 2.66 
X10 atoms of the isotope. The number of 
atoms disintegrating per second will be this 
number multiplied by A, the decay constant 
for radium. This constant has the value 
1.36X 107! per second. Hence, the disinte 
gration rate per second for 10 milligrams of 
radium is 2.66X10'°X1.36X10—' 23.61 
X 10°. We will now compute the weight of an 
amount of Co*® which has the same rate of 
disintegration. The decay constant for Co, 
assuming a half-period of 5.3 years, has the 
value of 4.15X 107? per second. The number 
of atoms required is, therefore, 


3.61 X 10° 


415X10* ^ 8.70 X 10" atoms. 


Since there are 10% atoms in a gram of co- 
balt, the weight of this amount is 
8.7 X 10 


E" meh 8.7 X 107* grams. 
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A imnicrochemical balance of highest sensitiv- 
ity, used under the most exacting conditions, 
would be required to determine this weight 
to an accuracy of a few per cent. 

Co® has a half period of 5.3 years. Many 
radioisotopes in use today have half periods 
of a few days. The gravimetric method is out 
of the question for them. This leads to a con- 
sideration of radioactive methods of deter- 
mining the amount of a radioisotope. We al 
ready have an example of this in the mem 
bers of the decay chain of radium. lor ex 
ample, polonium has a half-period of approx 
iinately 140 days. Although it cannot be 
weighed, its rate of disintegration can be de 
termined by measuring the rate at which 
alpha particles are emitted. The amount of 
polonium in equilibrium with 1 gram of ra 
dium, in analogy to the case of radon, is 
defined as 1 curie of this isotope, The rate of 
disintegration of 1 curie is the same as for 1 
gram of radium; that is, 3.61 X 10'? disinte- 
grations per second. Hence, the number of 
millicuries in a preparation of polonium can 
be ascertained by measurements of the ra- 
dioactivity in terms of rate of disintegration 
If necessary, the number of atoms present 
can be computed by dividing this rate by the 
disintegration constant 

In principle, this method of measurement 
may be extended to any radioisotope. How 
ever, the details become more complicated 
when applied to those isotopes which do not 
disintegrate by the emissoin of alpha parti 
cles. Those isotopes which emit beta rays or 
positrons, or which disintegrate by electron 
capture, frequently have complicated disin- 
tegration schemes which do not permit a 
simple computation of the disintegration 
rate from measurements which can be made 
of the radiations emitted. 

Even in the simple case of an isotope 
which disintegrates only by emitting beta 
particles of a single maximum energy, the 
nature of the continuous spectrum of nuclear 
beta rays introduces a difficultv. These beta 
rays are emitted with all energies from zero 
to the maximum. Any convenient detector 
for measuring the rate at which they are 
emitted will fail to detect those below a cer- 
tain minimum energy. This energy depends 
on the characteristics of the detector and the 
amount of absorber between the source and 
the active volume in which the particles are 
detected. Furthermore, these particles are 
emitted with an equal probability in all di- 
rections, This requires an accurate determi- 
nation of the solid angle subtended by the 
detector window at the source. Proceeding to 
the more complicated modes of disintegra- 
tion, where two or more beta rays of differ- 
ent maximum energies are emitted, each fol- 
lowed by one or more gamma-ray transitions 
before the stable, nonradioactive state is 
reached, other difficulties appear. 

One of the most serious is that some of 
the gamma rays may be internally con- 
verted. This process consists in the ejection 
of a shell-electron from the atom by à gamma 
ray from the nucleus. "Therefore, in place of a 
gamma ray, an electron is emitted with an 
energy equal to that of the gamma ray de- 
creased by the binding energy of the electron 
in its shell. These conversion electrons thus 
have energies which are usually comparable 
with those of individual beta rays. In ordi- 
nary measurements with counters, they can- 
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aot be distinguished from beta rays. This 
leads to erroneous determinations of disinte- 
zration rates, unless an accurate correction 
is made for the conversion electrons. 

It is obvious that disintegration rates 
zannot be determined unless all details of the 
disintegration scheme are available. Fortu- 
nately, the number of radioisotopes for 
which disintegration schemes are known is 
steadily increasing, At present, however, 
they represent a small fraction of the known 
isotopes which might have practical use. 

The general situation is such that the av- 
erage worker who needs to measure radioiso- 
topes in absolute terms might well be 
discouraged. His difficulties would be 
removed if he had standards for each isotope 
to be measured. The measurements would 
then consist in mounting the sample to be 
measured in any convenient way with re- 
spect to the detector, and observing the 
effect. A standard of suitable strength 
mounted in the same way would give the 
data to compute the disintegration rate of 
the sample. This procedure transfers many 
of the complications in regard to the meas- 
urement of disintegration rates to the labo- 
ratory which prepares the standards. 

The short half-lives of many of the arti- 
ficially produced radioisotopes do not per- 
mit the preparation of permanent or semi- 
permanent standards. These can be pre- 
pared for such isotopes as Co* and Na”, 
where the half-life is of the order of years. 
For those isotopes having^half-periods meas- 
ured in days, resort must be made to stand- 
ardizing expendable samples which are 
distributed by a standardizing laboratory at 
sufficiently frequent intervals to maintain 
the calibration of the measuring equipment. 


CALIBRATION OF STANDARDS 


Various methods are available for the 
calibration of standards. We will discuss typ- 
ical examples of the more important of these 
to illustrate the principles. 

One of the most reliable methods of de- 
termining absolute disintegration rates is the 
coincidence method. Perhaps an explanation 
of the meaning of the term "coincidence" in 
this connection is justified. By referring to 
Fig. 1, which shows the disintegration scheme 
of Co**, we note that the disintegration oc- 

* curs by the emission of a single beta ray 
which transforms the nucleus into Ni*, and 
s that the nucleus of the newly formed nickel 
atom emits two gamma rays before it be- 
comes stable. The nucleus is then said to bein 
its ground state, which means that it has no 
internal energy in excess of that possessed by 
a stable nonradioactive nucleus. Actually, 
' there must be a finite interval of time be- 
tween the emission of the beta ray and the 
subsequent emission of the gamma rays, 
since we know that the shell-electrons in the 
newly formed nickel atom have had time to 
arrange themselves in the levels appropriate 
for this atom, which differ distinctly from 
the levels of the cobalt atom. However, this 
interval of time is too short to measure by 
many conventional methods, and is probably 
of the order of 107! second. Consequently, 
for all practical purposes the gamma rays in- 
stantancously follow the beta ray with which 
they are associated. This means that, under 
favorable conditions, it should be possible to 
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Co” 


Fig. 1—Disintegration scheme for Co. In 
this disintegration a single beta-ray 
spectrum is emitted with a maximum 
energy of 0.3 Mev. Each newly formed 
nucleus of Ni** emits two gamma rays, 
immediately bringing the nucleus to the 
ground state. 


detect a gamma ray which is emitted simul- 
taneously, within the limits of the resolving 
power of usual arrangements for detection, 
with a beta ray. This supposition has been 
confirmed. The determination of the rela- 
tive number of these simultaneous events is 
called a coincidence measurement. In addi- 
tion to beta-gamma coincidences, it is obvi- 
ous that gamma-gamma coincidences occur 
in the disintegration of Co*? and, in princi- 
ple at least, it should be possible to observe 
them. The disintegration of Co® follows 
what is called a simple disintegration scheme, 
since it involves only one beta ray. In more 
complex schemes the details can frequently 
be unravelled by a study of the coincidence 
rates between the various radiations emitted. 
The coincidence method can only be used 
for those isotopes emitting beta rays fol- 
lowed by one or more gamma rays. It is most 
reliable when no measurable amount of the 
gamma rays suffers internal conversion. 
Consider an arrangement in which a beta- 
ray counter and a gamma-ray counter, re- 
spectively, detect beta particles and photons 
from the same source. These counters are 
connected to electronic equipment which 
will record the photons and beta particles 
independently. It also records the coinci- 
dences between the two counters. Fig. 2 
shows a block diagram of the equipment. 
The observations are corrected for counter 
backgrounds, chance coincidences, and cos- 
mic-ray coincidences. Let N be the actual 
disintegration rate of the source, A the rate 
of the gamma counter, and B and rate of the 


B- tay 
Counter 


Coincidence 
Circuit 


Y- Roy Counter 


Fig. 2—Block diagram ofa coincidence cir- 
cuit for determining 8-y coincidences. 
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beta counter; E, represents the over-all ef- 
ficiency of the gamma-ray counter, and Eg 
that of the beta-ray counter. For present 
purposes we need not know the actual value 
of these efficiencies, which are defined as the 
fraction of the total number of particles or 
photons emitted which are detected by the 
respective counters. 
Then we have 


A 
A=N == 
E, or Ey= > 
B = NE £c 
B BN 
If C is the coincidence rate, 
C = NE,Eg = N E 
peo gu ue 
whence 
2 
ts C NC 
A B AB 
NN 
or 
_ AB 
AC 


Thus the absolute disintegration rate is ob- 
tained by dividing the product of the rates of 
the rates of the two counters by the coin- 
cidence rate. The efficiencies do not appear 
in the final result. 

For an isotope which emits only beta 
rays, the absolute disintegration rate can be 
obtained by counting all particles in a defi- 
nite geometry under conditions where all 
absorption and scattering effects have been 
reduced to a negligible amount. The simplest 
geometry is that which includes all particles 
in the 4r solid angle about the source. In 
practice, this is a little difficult to obtain, 
since the source must be supported. The 
effect of the support can be reduced by mak- 
ing it very thin. One satisfactory way to 
make measurements of this type is to use a 
large evacuated chamber with the source 
mounted on a very thin support at the cen- 
ter. The rate at which the source and sup- 
port acquire electric charge is then a meas- 
ure of the disintegration rate. This requires 
moderately strong sources for accurate re- 
sults. A modification of this principle of us- 
ing a definite geometry is to set up a series of 
apertures which define a small solid angle, 
which can be computed from the dimensions. 
The region in which the beta rays travel to 
the detector is evacuated. If the detector has 
a window of a thickness less than 0.5 mg/ 
cm? and the maximum energy of the particles 
is of the order of 1 Mev, only a small fraction 
of the particles emitted in the defined angle 
will miss detection as the result of absorp- 
tion. This method is not very satisfactory for 
beta rays whose maximum energy is much 
less than 1 Mev. 

The problem of calibrating standards in 
terms of disintegration rates becomes more 
difficult when we deal with radioisotopes 
which emit beta rays in two or more continu- 
ous spectra with different maximum ener- 
gies, each followed by several gamma rays. A 
very careful study of the disintegration 
scheme is required in order to devise a coin- 
cidence arrangement which will give meas- 
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urements which can be interpreted in terms 
of disintegration rates. This problem is 
further complicated when some of the 
gamma rays undergo internal conversion. 
The conversion electrons usually will be of 
sufficient energy to be detected in the beta- 
ray counter. The relative number of these 
conversion electrons must be determined, 
and a correction made for their contribution 
to the particles recorded by the beta-ray 
counter used. 

The problem of producing standards for 
radiosotopes has become much more com- 
plicated than that of preparing standards of 
radium, as far as physical measurements are 
concerned. The chemical balance has been 
replaced by instruments for determining the 
rate of disintegration of the sample under- 
going standardization by measurements on 
the radiation emitted. Since many radioiso- 
topes do not have half-periods which permit 
the preparation of permanent standards, the 
production of standards is a continuous proc- 
ess which must be repeated periodically. 

The demand for radioactive standards is 
naturally greatest for those radioisotopes 
which are used in relatively large amounts, 
under conditions where absolute measure- 
ments are required. A tentative list of such 
radioisotopes is given below. 


Ilalf-Period 
Gy about 6000 years 
Na* 14.8 hours 
T5 11.3 days 
ss 87.1 days 
Cas 180 days 
Fes? 42.5 days 
Co 5.3 years 
pst 8.0 days 


All of the isotopes in the above list can be 
produced in a pile. Thus they can be made 
available in large amounts, which accounts 
in part for their extensive use. If radioiso- 
topes are produced in comparable quantities 
in cyclotrons, there are a number of other 
radioisotopes which may become widely 
used. The most important of these, at pres- 
ent, is Na? (3.0 years). 

C™ and 1!!! are used extensively for bio- 
logical and medical investigations, and 
standards of these isotopes are therefore 
needed. The National Bureau of Standards 
has a program for the development of stand- 
ards for C^. At present it appears that these 
standards will be most useful if prepared as 
calibrated expendable samples, rather than 
as permanent standards. Although the long 
half-life would permit permanent standards, 
it is difficult to prepare samples of com- 
pounds containing radioactive carbon in 
which the ratio of the active to the inactive 
isotope remains constant. For example, solid 
deposits of barium carbonate might be used 
as standards. In use these would be exposed 
to the atmosphere, and it is known that such 
samples exchange CO; with the atmosphere 
in the presence of moisture. Therefore, they 
would gradually lose C atoms with use, 
even if stored in a dry atmosphere when not 
in use. The problem of providing specific 
forms of standards for all types of possible 
uses becomes so complicated that some sim- 
plification is required. Some investigators 
need to use the standard in the form of CO, 
and others need to prepare their working 
standards to conform to the requirements of 
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a specific type of measuring equipment. For 
the present, it is proposed to furnish these 
standards in the form of calibrated solution 
of sodium carbonate sealed in glass ampoules. 
The calibration will give the disintegration 
rate per milliliter, so that definite amounts of 
this solution can be removed and converted 
into a working standard of the desired form. 

In the case of [?!, the short half-period 
precludes the preparation of permanent 
standards, and calibrated expendable sam- 
ples must be used. Although I?! emits both 
beta rays and gamma rays, and therefore 
should be susceptible of calibration by coin- 
cidence methods, the disintegration scheme 
is complicated by the presence of two leta 
rays and a number of gamma rays, some of 
which undergo internal conversion to a 
measurable degree. When the details of this 
scheme are completed, a satisfactory coin- 
cidence method for calibration can be made 
available. Present information allows cali- 
bration to +5 per cent. 

The National Bureau of Standards has 
made several distributions of identical sam- 
ples of I"! over the past two years. The re- 
ported results reveal a disagreement in 
measurements approaching a factor of 2. 
These disagreements are to be attributed, in 
part, to the lack of suitable standards with 
which to compare the activity of samples of 
D3, [t has been indicated that the use of a 
standard of one isotope to calibrate a quan- 
tity of a different isotope may lead to serious 
errors, Thercfore, if one attempts to measure 
I? with a Ral+E standard which has a 
very different beta-ray spectrum from thit 
of iodine, a considerable number of correc- 
tions and precautions are required to obtain 
results that are not in error by more than 20 
per cent. 

It is, therefore, obvious that many of the 
possible sources of error can be eliminated, if 


calibrated samples of I3! are used for the: 


measurements. Using such samples, the re- 
sults should be free from serious errors if the 
unknown and calibrated samples are com- 
pared under identical conditions. If this re- 
quirement is complied with, no corrections 
need to be applied to the data used in com- 
puting the disintegration rate of the un- 
known sample. This reveals the need for a 
distribution of calibrated samples of this 
isotope at intervals of the order of every few 
months. Work is in progress to prepare and 
distribute such samples. 

P? emits only beta rays in a single spec- 
trum with a maximum energy of approxi- 
mately 1.7 Mev. This isotope therefore can- 
not be calibrated by coincidence measure- 
ments. The most convenient method of cali- 
bration is counting the beta particles in 
definite solid angle with corrections for ab- 
sorption and scattering. Those using P® can 
make a fairly accurate measurement of quan- 
tities deposited by evaporation, using the 
RaD+E standards prepared by the Na- 
tional Bureau of Standards. These standards 
contain a measured amount of RaD. Within 
a month of perparation, Rak grows into 
equilibrium with the RaD, so that the dis- 
integration rate of the Rak is known. Fig. 3 
shows one of the standards and two blank 
disks on which standards are deposited. The 
RaD is deposited on the palladium face of 
a silver disk 1/16 inch thick and 1 inch in di- 
ameter, faced with a layer of palladium 


Fig. 3—RaD(Pb?*) + RaE(Bi!!*) standards, 
Two of the disks are blank and the third 
has a circular deposit of lead, part of 
which is Pb?!?, Approximately one month 
after preparation, RaE is in equilibrium 
with the RaD, after which the activity 
decays with the half-period of RaD 
(22.2 years). Hlank silver disks are used 
to mount deposits for comparison of ac- 
tivity with the standards. 


0.002 inch thick. The deposit is circular and 
approximately 12 mm in diameter. It is lo- 
cated centrally on the face of the disk. This 
disk provides saturation back-scattering of 
the beta particles. If the phosphorus is de- 
posited on a similar disk the back-scattering 
correction is reduced to a few per cent. These 
RaD--E standards can be used for mod- 
erately accurate measurements of isotopes 
which disintegrate only by beta ray or posi- 
tron emission when the spectrum is simple 
and has a maximum energy near that of the 
RaE spectrum. Appropriate absorption cor- 
rections must be applied in each case. The 
absorption correction is determined experi- 
mentally at the time of comparison by ex- 
trapolating the beta-ray absorption curve to 
zer thickness of absorber. 

It should be noted that these standards 
emit soft beta rays from RaD, and alpha 
particles from the polonium which is grow- 
ing in them, Therefore, they must always be 
used with a filter which excludes these radia- 
tions from the counter. A layer of aluminum 
0.001 inch thick is adequate for this pur- 
pose. 

Fig. 4 shows a series of radium gamma- 
ray standards consisting of 5 milliliters of 
solution sealed in Pyrex ampoules. Ranging 
from 0.1 micrograms to 100 micrograms, 
they are intended for gamma-ray measure- 
ments of radium. Since the solution does not 
completely fill the ampoule, radon collects 
in the air space above the solution, produc- 
ing an uneven distribution of activity. This 
disadvantage can be overcome by shaking 


the solution vigorously several minutes prior.) 


to use. 

Radium in amounts less than 1078 grams 
is most accurately determined by measuring 
the production of radon from the radium salt 
in solution. The standards required for this 
measurement consist of a solution containing 
a known amount of radium. Fig. 5 shows tvo 
standards and a blank solution. The radium 
is contained in 100 milliliters of solution, one 
standard having a total radium content of 
107? grams, the other 107 grams. Nearly all 
Water, no matter how carefully distilled, con- 
tains measurable amounts of radium. There- 
fore, ordinary distilled water cannot be used 
to rinse the flasks containing the standards 
when transferring the solutions to the ap- 
paratus in which it is to be used. To do so 
might involve a risk of adding several per 
cent to the amount of radium in the stand- 
ard. This difficulty is removed by the use of 
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Fig. 4à—Gamma-ray standards. 
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Microgram standards of radium. 


The standards cover a range from 0.1 to 100 microgramsof radium, 


and are used for gamma-ray measurements of radium. 


*blank" solutions sealed in flasks similar to 
the standard. The amount of radium in these 
solutions has been measured and found to be 
0.25X 107? grams of radium. This amount is 


[insignificant compared with 107? grams of 


radium in the larger standard, but it must be 
taken into account when used with the 107! 
gram standard. 

The only other isotope for which the Na- 
tional Bureau of Standards has prepared 
calibrated standards at present is Co**. This 
isotope lends itself readily to the coincidence 
method of calibration. The current stand- 
ards are gamma-ray standards, since they 
consist of a 5-milliliter solution sealed in a 
glass ampoule. The solution from which 
these standards were prepared was measured 
in three different laboratories by the coinci- 
dence technique with agreement in the re- 
sults of the order of 1 per cent. They are 
available in two sizes; 1.5 rutherfords and 
0.15 rutherford. Typical ampoules are shown 
in Fig. 6. 

The rutherford (rd) is a unit recom- 
mended by the National Bureau of Stand- 
ards for expressing quantities of radioiso- 
topes other than members of the radium 
family. It is defined as the amount of a ra- 
dioisotope undergoing 10* disintegrations per 
second. It is, therefore, a decimal unit which 


i 


Fig. 6—Co standards. The cobalt solution 
is sealed in a glass ampoule which then 
serves as a gamma ray standard for meas- 
urement of solutions of Co", 
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Fig. 5—Radon standards. These flasks contain 107!! and 107? grams 


, of radium in 100 milliliters of solution. The blank solution has a 
measured low radium content, and is used for rinsing when trans- 
ferring the standard solution to the apparatus in which it is to 


be used. 


facilitates computations. It is also of a con- 
venient magnitude for expressing quantities 
of a radioisotope usually handled and meas- 
ured in the laboratory. For example, a sam- 
ple which can be conveniently measured by 
an end-window Geiger; Miiller counter is of 
the order of 0.1 to 0.4 millirutherford. Tracer 
quantities are of the order of 1 rutherford. 
Therapeutic doses are of the order of 100 
rutherfords. In addition to covenience there 
is another reason for the introduction of a 
unit which is uniquely defined in terms of 
disintegration rates. This is the widespread 
misuse of the curie. It has become fairly 
common to use the curie to refer to quanti- 
ties of radioisotopes when the disintegration 
rate has not been measured. It is even used 
frequently when disintegration rates cannot 
be measured. It has been pointed out that a 
complete knowledge of the disintegration 
scheme is necessary before a disintegration 
rate can be measured by.radioactive meth- 
ods. Therefore, when we see quantities of iso- 
topes expressed in curies for which disin- 
tegration schemes are either partially or 
wholly unknown, we can only conjecture 
as to the quantities intended. Generally, 
such statements have no meaning and 
only lead to confusion. Finally, there is 
still considerable uncertainty regarding the 
value of the curie when used as a unit disin- 
tegration rate. Logically, from its original 
definition as “the quantity of radon in equi- 
librium with 1 gram of radium” it has the 
value of the disintegration rate of 1 gram of 
radium. Values for this figure varying from 
3.4 to 3.8X 10" have been reported by com- 
petent investigators. The most recent value 
is 3.61 10!*, The value 3.4X 10" is still in 
current use. An attempt to smooth over this 
situation has been made by adopting 3.700 
X10? as an arl itrary figure. Ilowever, re- 
cently Madame Joliot-Curie has proposed an 
*international curie" to have the arbitrary 
value 3.600X 10". The result of this situa- 
tion is that it is incumbent on each author of 
a paper to state the value of the curie which 
he uses. The rutherford eliminates this dif- 
ficulty, since it is not associated with any 
natural constant, the value of which may 
fluctuate with the precision of measurement, 
or the arbitrary selection of different values 
by different authors. 


TESTING OF INSTRUMENTS FOR RADIOACTIVE 
MEASUREMENTS 


Instruments used in the measurement of 
radioactivity may vary from the simple gold 
leaf or quartz-fiber electroscope to the com- 
plicated assembly of electronic equipment re- 
quired to operate a Geiger-Müller counter 
and record the pulses from it. Devices which 
use ionization chambers as the sensitive ele- 
ment also frequently employ electronic cir- 
cuits to detect the required direct-current 
potentials produced in the measurement of 
the ionization currents. In the more complex 
assemblies, over-all checks may reveal either 
satisfactory or unsatisfactory operation, but 
in cases where performance falls short of that 
expected or required, detailed tests must be 
made of each component. In any case, a 
laboratory testing equipment of this type 
must be prepared to test the various com- 
ponents, since they are frequently purchased 
separately from different manufacturers. 

The nature of the problems encountered 
can be presented by a discussion of a few 
typical cases. A good example is the equip- 
ment which is required for the operation of a 
Geiger-Müller counter when the actual num- 
ber of pulses are to be recorded. The block 
diagram in Fig. 7 shows the essential com- 
ponents of this equipment. They may be ar- 
ranged in separate units as indicated in the 
figure, or these components may all beassem- 
bled in a single unit. Although the trend is 
toward consolidation, there are commercial 
firms which manufacture scalers only, others 
which make mechanical registers, and still 
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Fig. 7—Hlock «diagram showing vssential 
components of Geiger-Miiller counting 
equipment. 
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Fig. 8—Geiger-counter scaler assembly with all components in a single chassis 
T—electric timer; V—high voltage voltmeter; M—mechanical register; S— 


interpolation lamps of scaler. 


others that make only electric timers. Also, 
there are a number of firms which make 
Geiger-Miiller tubes but none of the acces- 
sory equipment. The nature of the tests re- 
quired on each component will be given. A 
scaler in which all components are mounted 
in a single chassis is shown in Fig. 8. 

We will start with the detector of radia- 
tion, the Geiger-Müller tube. These tubes 
fall into general classifications which differ in 
structural form, depending on whether they 
are designed to detect and record gamma 
rays or beta rays. Although a counter de- 
signed to detect beta rays is also sensitive to 
gamma rays, its efficiency for detecting beta 
rays is of the order of 50 to 100 times that for 
gamma rays, so that the effect of gamma rays 
is usually neglected. Gamma-ray counters 
are usually totally insensitive to beta rays of 
the usual energies. The basic principles on 
which these two types of counters operate 
are the same. Consequently, some tests are 
common to both types. One of the principal 
tests which is common to the two types is 
related to the characteristic curve of the 
Geiger-Müller counter, or plateau, and pulse 
height. 

The plateau curve shows the pulse rate of 
a counter plotted against the voltage applied 
to the counter for a steady intensity of radia- 
tion on the counter. A typical plateau is 
shown in Fig. 9. The voltage T at which the 
counter begins to respond to the radiation is 
referred to as the starting voltage of the 
counter. Above this voltage the counting rate 
rises rapidly for a short interval of voltage, 
and then at A levels off in a gradually sloping 
line to a point B, where further increase in 
voltage produces another rapid rise in count- 
ing rate. The portion A to B of the curve is 
called the *plateau." The desirable features 
for this characteristic are that the value of T 
should remain fixed for a given counter; that 


the slope of the curve from A to B should be 
small (of the order of 1 or 2 per cent per hun- 
dred volts), and that the length of the pla- 
teau AB should extend over 200 to 300 volts 
In addition, the counter is required to give a 
single clear-cut pulsef or each response to 
radiation. Multiple pulses are objectionable 
since they reveal that the counter is not func- 
tioning as a true Geiger-M üller counter, and 


because they either increase the dead time of ` 


the counter or falsify the measurements. 
The dead time of a Geiger-M üller counter 
is the time after the production of a pulse 
during which the counter is in a state where 
it cannot produce a pulse, even when radia- 
tion has produced ions in the sensitive vol- 
ume. This dead time is a direct result of the 
quenching mechanism of the counter which 
causes a discharge in the counter to cease 
abruptly, resulting in a definite electrical 
pulse. This time varies from about 107? to 
10~ second for current types of counters. It 
is desirable that the dead time be as short as 
is consistent with proper operation of the 
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counter, since the length of the dead time de- 
termines the number of lost counts at a given 
steady average counting rate. If the counter 
is to be operated at rates where the lost 
counts are a measurable percentage of the 
total counts, the length of the dead time must 
be known to make a computed correction to 
the observations, in order to obtain the true 
number of counts. 

From considerations similar to those out- 
lined above, we arrive at the following tests 
which are required of all types of Geiger- 
Müller counters for their use in quantitative 
measurements. 

1. Determination of Background Counting 
Rate: The actual background counting rate 
of a counter may be considered as made up of 
three factors: (a) the intrinsic background 
rate; (b) response to cosmic rays; and (c) the 
response to local distributed radioactivity. 
The actual rate will depend on the condition 
under which the counter is used. Response to 
cosmic rays and local radioactivity can be 
controlled to a considerable extent by shield- 
ing. They are, therefore, under the control 
of the user to a certain degree. He has no 
control over the intrinsic background rate, 
which is produced by radioactive radiations 
originating within the counter. This rate can 
be controlled only at the time the counter is 
constructed by selecting materials with low 
natural radioactivity, and by using careful 
techniques to avoid the introduction of ra- 
dioactive contamination into the counter. 
The background rate controls the lower limit 
of the net detectable counts from a source, 
which for many applications is important. 
Therefore, the intrinsic background rate 
should be low. 

The test for intrinsic background rate is 
the obvious procedure of placing the counter 
inside a heavy lead shield to screen off local 
radioactive radiations and to reduce the re- 
sponse to cosmic rays. In this way the lowest 
background rate which can be expected un- 
der laboratory conditions is obtained. If the 
intrinsic background is excessive, this test 
reveals it immediately. It is obvious that the 
intrinsic background depends on the area of 
the interior surfaces of the counter. Beta-ray 
counters with a tube of about 1 inch diame- 
ter and 23 inches long may have an over-all 
background when shielded with 2 inches of 
lead, of from 0.3 to 0.5 counts per second. 

2. Determination of Plateaus for Geiger- 
Muller Counters: The procedure for obtain- 
ing the plateau of any type of counter is es- 
sentially the same. The measurements are 
made with the counter exposed to a con- 
stant source, which gives a convenient count- 
ing rate. À scaler and mechanical register are 
used to record the counts. Before measure- 
ments can be started, it is necessary that the 
high voltage be applied to the counter and 
adjusted to the value at which the counter 
begins to count, called the starting voltage. 
This voltage issometimes called the threshold 
voltage, but it seems better to reserve the 
latter term for the voltage at which all 
pulses first become of uniform height in the 
counter, The threshold thus defines the be- 
ginning of the true Geiger-Müller region. 
The starting voltage must be applied to the 
counter for a period of 15 to20 minutes toal- 
low electric charges on various insulating 
parts to assume steady values. This is true of 
both the beta-ray and gamma-ray types of 
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sounters. During this period the starting 
voltage is subject to slow changes. When this 
starting voltage has become constant, it is 
safe to assume that static charges hav- 
reached an equilibrium value. 

The procedure for making the observa- 
tions consists in raising the high voltage by 
approximately equal arbitrary steps, of the 
order of 25 volts. At each voltage the time 
required to record a fixed number of counts 
is observed. The number of counts depends 
on the statistical accuracy required. For a 
standard deviation of 1 per cent, a total of 
10,000 counts must be recorded for each 
point. In recording the data for the plateau 
it is essential to watch for a sudden increase 
in the counting rate carefully as the voltage 
is increased. Most counters in use today are 
readily ruined if voltages above those cor- 
responding to the plateau are applied. The 
resulting excessive rate quickly destroys the 
organic vapor used for quenching. 

The usefulness of a counter depends on 
the length of the plateau and its slope. The 
slope may be defined as the percentage 
change in counting rate per 100 volts change 
in the high voltage. A counter can be ex- 
pected to have a slope of the order of 2 or 3 
per cent per hundred volts over a range of at 
least 200 volts. 

When plateaus must be plotted for large 
numbers of counters, it may be convenient 
to do this automatically. A device for the 
purpose has been described by Crits and 
Newlin.? A rate meter with a recording mi- 
croammeter is used to draw a curve of the 
counting rate versus the time. The voltage 
applied to the counter is automatically in- 
creased by one step every 15 or 20 seconds 
by means of an automatic timer. A rate me- 
ter connected to the counter actuates a re- 
corder which draws a curve consisting of a 
series of steps. The steps are large at the 
beginning of the characteristic, small in the 
region of the plateau, and larger above the 
plateau. To protect the counter from exces- 
sive voltages, a relay is arranged to discon- 
tinue the operation when the rate meter ex- 
ceeds a predetermined reading. This equip- 
ment also could be arranged to proceed from 
one counter to another and draw the pla- 
teaus for a considerable number of counters 
without attention from the operator. 

3. Effects of Changes of Temperature on 
Counters: The starting voltage of most Gei- 
ger-M üller counters depends on the tempera- 

4 ture. This is particularly true of self-quench- 
ing counters which use an organic vapor asa 
quenching agent. A shift of the starting volt- 
age tends to move the whole plateau curve to 
the right or left, with respect to the voltage 
applied to the counter. If the temperature 
effect is large, a change of temperature of a 
few degrees during operation may throw the 
counter entirely off of the plateau. In an 
case, it will affect the counting rate to an ex- 
tent dependent on the temperature coeffi- 
cient, the temperature change, and the slope 
of the plateau. Therefore, it is important to 
know the effect of temperature on the count- 
ing properties of the counter. 

m For determination of the effects of tem- 
perature, it is convenient to mount the 
counter in a roomy box, well-insulated ther- 


1G, J. Crits and G. C. Newlin, “Recording type 
automatic Geiger tube calibrator,” U. S. Atomic En- 
ergy Commission Report 2025; 1948. 
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Fig. 10—Chamber with controlled temperature for determining the effect of tem- 
perature on Geiger-Miiller counters. T—temperature control unit; B—tem- 
perature chamber; C—copper coil; G-M—Geiger-Müller counter ready to be 
lowered into chamber; S—scaler; L—lid of chamber. 


mally. To control the temperature, a coil of 
copper tubing is mounted inside the box. The 
coil consists of a large number of turns 


. mounted near the walls and extending over 


the greater part of the interior surface. The 
air inside the box is circulated rapidly by a 
fan, to aid in decreasing the time required 
for temperature equilibrium. Liquid at a con- 
trolled temperature is pumped through the 
copper coil. For most applications, tests con- 
ducted between 0°C and 30°C give ade- 
quate information. When operating at the 
lower temperatures it is essential to have a 
drying agent, such as silica gel, inside the 
thermal chamber to prevent condensation 
of water on the counter and leads. The 
temperature of the interior of the box is 
measured by several thermometers extend- 
ing through the wall. No observations are 
made until these thermometers show a 
steady and uniform temperature. A photo- 
graph of this chamber is shown in Fig. 10. 

To determine the temperature coefficient 
of the starting voltage, a constant source is 
mounted in a fixed position, chosen to give a 
counting rate of approximately 50 counts per 
second at the middle of the plateau. With the 
interior at the desired constant teniperature, 
the data required for plotting the plateau 
are taken. This gives not only the effect of 
the temperature on the starting voltage, but 
reveals any effects on the lengths and slope 
of the plateau. With some filling mixtures, 
such effects are noticeable. For those count- 
ers where the principal effect of change of 
temperature is to alter the starting voltage, 
a temperature coefficient of 4 or 5 volts per 
*C is usually considered acceptable, al- 
though counters which have a lower coeffi- 
cient have been encountered. 

4. Dead-Time Measurements: As has 
been indicated, a knowledge of the dead time 
of a counter is often useful. Wherever a 
counter is operated at a counting ratesuch 
that the loss of counts due to dead time is 
appreciable, it is necessary to make a cor- 


rection for this loss. Actually, the resolving 
time of the counter depends on the sensitiv- 
ity of the equipment used to detect the 
pulses in the counter. The difference be- 
tween the two is usually small, and the re- 
solving time can never be less than the dead 
time. The relation between them is illus- 
trated in Fig. 11. 

The simplest observation of dead time is 
made according to the method developed by 
Stever,? using an oscilloscope provided with 
an external synchronization terminal and a 
driven sweep. The center wire is coupled 
through a capacitor of adequate voltage rat- 
ing to the y-axis terminals of the oscillo- 
scope. The amplified pulses from the counter 
are simultaneously applied to the external 
synchronization terminal. This results in the 
triggering of the sweep for each pulse. À 
source is placed near the counter to give be- 
tween 100 and 200 counts per second. The 
pattern on the scope is that shown in Fig. 11. 


Fig. 11—Diagram showing recovery of a 
Geiger-Müller counter, subsequent to an 
initial pulse. In the interval labeled “dead 
time” no other pulse appears. The re- 
covery time is determined in part by the 
size of the pulse which can be detected 
by the indicating circuit. The recovery 
time is determined by the time required 
for the pulses to regain their original 
size. 


3 H. G. Stever. “The discharge mechanism of fast 
G-M counters from the deadtime experiment,” Phys. 
Rev., vol. 61, pp. 38-52; January, 1942. 
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Fig. 12—Oscilloscope equipped: with camera for photographing 


dead-time patterns. O —oscilloscope; 


The duration of the sweep should be about 
1000 microseconds with time markers each 
10 or 100 microseconds. The measurement 
consists in photographing the pattern on the 
screen and measuring the time intervals on 
the negative. Fig. 12 shows equipment for 
photographing this pattern. — ' 

For more accurate measurements, a 
method of electronic gating may be used. 
This refinement is not always necessary in 
the routine tests of counters, but it is helpful 
in investigations of factors which affect the 
dead time. By detection of small changes in 
dead time, it reveals the direction in which 
improvement has been achieved. This infor- 
mation may result in further modifications 
which give still greater improvements. A 
suitable method for using electronic gating is 
described in a forthcoming issue of the Jour- 
nal of Research of the National Bureau of 
Standards 

5. Measurement of Pulse Size: The sizes 
of the pulse in volts from Geiger-Müller 
counters vary from counter to counter, de- 
pending on the size of the electrodes, the fill- 
ing gas, and other constructional features. 

It is desirable to know the pulse size of a 
Counter at some representative voltage, since 
this determines whether the counter can be 
used with a given amplifying and detecting 
equipment. The difference in voltage between 
the operating and threshold voltages is de- 
fined as the overvoltage. The size of the 
pulses in a given counter increases with over- 
voltage. Therefore, some definite part ofthe 
plateau must be selected in comparing pulse 
sizes in counters. A knowledge of this pulse 
size is needed to determine whether a counter 
can be used with a given amplifying and de- 
tecting equipment. In addition, the pulse size 
is a function of the capacitance across the 
counter. Therefore, in making comparative 
measurements it is essential that observa- 
tions be made for a definite fixed value of this 
capacitance, which includes a number of ele- 
ments in an actual experimental arrange- 
ment. These include the cable and coupling 
capacitors and those in the instrument used 
for observations. It is usual to select either 
30 or 100 uuf for this capacitance, and adjust 


* L. Costrell, “Accurate determination of the dead- 
time and recovery characteristics of Geiger Muller 
counters,” Jour. Res. Nat. Bur. Stand., vol. 42, pp. 241- 
251; March, 1949. 


C—camera; H—high- 
voltage capacitor; S— scaler; G- M—counter under test. 
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Fig. 13— Determinat 


the connecting system to bring it to this 
value. Observations are usually made by ap- 
plying the pulses to the y-axis amplifier of an 
oscilloscope for which the value of the de- 
flections in millimeters per volt have been 
ascertained. A complete set of values for a 
number of arbitrary voltages covering the en- 
tire plateau is taken, For purposes of com- 
parison, the size of the pulse at the center of 
the plateau is a convenient parameter, The 
equipment for these measurements is shown 
in Fig. 13. 

6. Photosensitivity: Finally, it should be 
mentioned that it is desirable to ascertain 
whether counters are photosensitive. Such a 
test should be applied to all counters con- , 
structed in a way which permits light to 
strike the interior electrodes. When a counter 
is photosensitive, its response to light is usu- 
ally manyfold greater than to radioactive 
radiations under usual conditions of opera 
tion. However, this is not always true and 
photosensitivity is not always recognized 
immediately. It may then lead to erroneous 
conclusions regarding the functioning of the 
counter or its associated equipment, and is 
always a possible source of error in measure- 
ments. This defect of counters is readily de- 
tected by enclosing the counter in a light- 
tight shield provided with a small aperture 
through which light may be directed. A 
counter which is photosensitive must either 
be used in a light-tight enclosure or com- 
pletely coated with opaque varnish. Since 
photosensitivity occasionally develops with 
use, it is a good precaution to screen all 
counters from light unless they are con- 
structed in such a way that light does not 
reach the interior. K 

The above tests are appropriate for any 
type of Geiger-Müller counter. There area 
few tests, in addition, that may be applied to 
beta-ray counters only, and, similarly, one or 
two which relate to gamma-ray counters. 
For beta-ray counters, perhaps the most im- 
portant is a measurement of the thickness of 
the window. In quantitative measurement 
with beta-ray counters it isimportant toknow 
the thickness of the window to permit appli- 
cation of corrections for absorption of beta 


ion of input sensitivity of a sealer. O— 
oscilloscope; voltmeter; G—square-wave generator; S— 
scaler under test. 


particles in the window. This factor can be 
obtained most accurately and conveniently 
from measurements made before the window 
is mounted on the counter. This information 
is not always given by manufacturers of com- 
mercial tubes, Therefore, it is advantageous 
to measure the thickness on a finished 
counter, 

One method of measuring the thickness 
of mica windows on end-window counters 
which has been applied with good results in 
volves the use of polonium alpha particles. 
This method can be applied to windows in the 
range of 1 to 4 mg/cm, which includes those 
used on most commercial counters. The pro 
cedure is to mount the counter in a rigidly 
fixed position, with the window end down. 
Below this a polonium source is mounted in 
such a way that its distance from the win- 
dow can be determined accurately. The 
source can be moved vertically by means of a 
micrometer screw with a vernier scale cali- 
brated in millimeters. A photograph of the 
arrangement is shown in Fig. 14. The counter 
is operated in the proportional region, where 
it only detects alpha particles, and pulses 
are recorded by use of a linear amplifier and 
scaler. The observations consist in plotting 
the counting rate against the distance of the 
source from the window. A typical curve is 
shown in Fig. 15. The steep part of this 
curveisextrapolated to the x-axis, which gives 
the extrapolated range of the polonium alpha 
particles minus the window thickness. The 
extrapolated range of polonium alpha par- 
ticles is 3.897 cm at 15?C, 76 cm pressure.* 
The observations are corrected for tempera- 
ture and pressure and subtracted from the 
above value for the range which gives the 
thickness of the window in centimeters of 
air. This value is converted to mg/cm? to 
give the thickness in the units commonly 
used. This method has been applied to win- 
dows of known thickness and gives excellent 
agreement, 

Optical methodscan be used for measuring 
thin, transparent films, as has been pointed 


* M. G. Halloway and M. S. Livingston, "Range 
and specific ionization of dlpha particles." Phys. Rev., 
vol. 54, pp. 18-37; January, 1938. 
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Fig. 14—Equipments for measuring thickness of mica windows in 
counters using a particles from polonium. G-M— mica window 
counter; P—polonium source; M—micrometer screw; A—lin- 


ear amplifier; S—scaler. 


wt by Wood.’ Recently, Brown and Wil- 
oughby? described a practical adaptation of 
he procedure. The window is illuminated by 
i ordinary incandescent lamp at an angle of 
ncidence of 10°. The reflected light, when 
tiewed by a small direct-vision spectroscope, 
shows a continuous spectrum crossed by in- 
‘erference fringes. The number of fringes 
»etween two lines in a comparison spectrum 
are counted. The comparison spectrum can 
»e obtained from a fluorescent light, and it 
is convenient to take the 577-my yellow line 
and the 436-my blue line of mercury as refer- 
ence points. An experimental curve gives the 
relation between the number of milligrams 
per square centimeter and the number of 
fringes between the reference lines. W 
— weight in mg/cm?; p is measured density 
of the mica —2.85; u is the index of refrac- 
tion —1.58; y is the angle of incidence; 


( 
Counting rote 


10 15 mm. 
Distonce from source to Window 


Fig. 15.—Graph showing the number of al- 
pha particles detected as a function of the 
distance of the polonium source from the 
window of the counter. 


* R W. Wood, “Physical Optics," p. 192. 

* F. W. Brown, III, and A. B. Willoughb , "Opti- 
cal method of determining thickness of Geiger tube 
windows," Rev. Sci. Instr., vol. 19, pp. 820-821; No- 
vember, 1948. 


5577 mp; 7436 my; and n is the num- 
ber of fringes. The formula for the curve re- 
duces to 


mg 
W = 0.1631 —— 
cm? 


for an angle of incidence of 10°, where W 
=thickness in mg/cm?, and n is the number 
of fringes. 

For gamma-ray counters it is useful to 
know the relative efficiency of a counter for 
gamma radiation of various energies. This 
can be determined by coincidence measure- 
ments between the pulses from the gamma- 
ray counter and a beta-ray counter when 
both are exposed to the same preparation of 
a radioisotope emitting both beta and 
gamma rays, provided the energy of the 
gamma rays is known and the disintegration 
scheme is reasonably simple. Strictly, this 
method requires that the isotope emit a sin- 
gle gamma ray, and relatively few radioiso- 
topes have such a simple disintegration 
scheme. However, it is possible to find several 
which emit two or three gamma rays with 
energies near enough together to give a rea- 
sonable average for the energy of the group. 
Among these are Na?, Na”, Co, and 
Au!**, The procedure consists in observing 
the counting rates of the two counters sepa- 
rately and also the coincidences between 
them, using a Rossi-type coincidence circuit, 
illustrated in Fig. 2. The efficiency of the 
gainma-ray counter in the particular ar- 
rangement used is given from the following 
considerations: 


Let A =counting rate of gamma counters 
B =counting rate of beta counters 
C —coincidence rate 
N-disintegration rate of source, 
which need not be known. 


If E, is the efficiency of the gamma 
counter and Fg that of the beta counter, 


A= E,N, B= EgN and C = E,EgN. 


Therefore, 


C 
b T UENT 
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or the efficiency of the gamma counter is the 
ratio of the coincidence rate to the counting 
rate of the beta-ray counter. This experiment 
can be repeated, maintaining a fixed geomet- 
rical arrangement of counters and source, 
using radioisotopes emitting gamma rays of 
various energies to give the desired informa- 
tion regarding the variation of sensitivity of 
the counter with the energy of the gamma 
rays. 

7. Test of Scalers: A scaler for use with 
counters usually consists of a number of 
stages, each containing two electron tubes, 
connected ina circuit so that only one can Le 
in the conducting state. This arrangement 
permits each stage to transmit one-half the 
pulses which enter it. Therefore, the scaling 
ratio is 2^ where n is the number of stages. 
Decade scalers consist of a modification of 
the scale-of-two connections in stages so that 
every tenth pulse is transmitted by a stage. 
Although there is usually some type of elec- 
tron-tube amplification between the counter 
and the scaler, in practice this amplifier is in 
cluded with the scaler assembly. This permits 
operation of the counter by a direct connec- 
tion to the scaler unit. Tests of the scaler 
unit therefore automatically include the am- 
plifier. 

Scalers are usually tested to determine 
the minimum pulse voltage to which the 
scaler will respond as well as the maximum 
pulse voltage at which it fails to operate sat- 
isfactorily. The minimum pulse on which a 
scaler will operate satisfactorily may be de- 
termined by use of a square-wave generator 
of variable amplitude synchronized with the 
60-cps power line. The square pulses are 
passed through a differentiating network to 
convert them into pulses with a steep rise 
and an exponential decay with a time con- 
stant of approximately 50 microseconds.The 
alternator of the square-wave generator is 
set for a minimum voltage output, and the 
pulse size increased gradually un.il the scaler 
responds accurately to the 60-cps rate. This 
pulse size is measured on a cathode-ray os- 
cilloscope, and is the minimum input sensi- 
tivity of the scaler. The pulses may then be 
increased in voltage until the scaler begins to 
show erratic operation, which gives the max- 
imum voltage of pulse for the scaler. 

The input sensitivity may also be checked 
under actual operating conditions, using 
pulses from a Geiger-Müller counter. With 
a counter connected to the scaler, the volt- 
age on the counter is set at approximately 
100 volts above the threshold. Assuming that 
the scaler then functions correctly, which 
can be checked by observing counting rates 
with sources of known ratios of intensity, the 
voltage on the counter is reduced until the 
scaler begins to fail to respond accurately. 
If this occurs while the counter is still op- 
erating in the Geiger-Müller range, the 
pulses will still be of uniform height. This 
height can be measured with a cathode-ray 
oscilloscope, as before. 

The scaling accuracy is most simply 
checked by using a generator synchronized 
with the 60-cps power line and timed by a 
electric clock driven by the same supply. 
The pulse size is set at about 14 times the 
minimum input sensitivity, and the clock 
and scaler started simultaneously. At the 
end of an hour the elapsed time is compared 
with the recorded counts. If it is desired to 
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check the accuracy of scaling at other 
frequencies, a stable oscillator which can be 
set at a number of frequencies is substituted 
for the 60-cps synchronization, and the ob- 
servations are repeated. Sometimes a scaler 
is found which will scale correctly over a 
small range of input pulses, but will fail for 
larger pulses. It is usual, therefore, to in- 
crease the pulse size to several times the 
lower limit of input sensitivity in steps, and 
determine the scaling accuracy at each step. 

In the test of scalers it is important to 
check all control switches, particularly the 
"start and stop" switch, to ascertain whether 
the scaler starts reliably when this switch is 
thrown to the "start" position and whether 
this operation introduces spurious counts 
into the scalíng stages. Commercial scalers 
have been encountered which do not always 
start scaling when this switch is thrown to 
the starting position. The introduction of 
spurious counts by the switch is also a defect 
encountered occasionally. 

It is desirable to check the operation of 
scalers over extended periods of time, since 
failures due to overloading components be- 
come evident in this way. Continuous opera- 
tion for twenty-four hours followed by the 
usual tests reveals defects of this type, and 
also reveal whether sufficient ventilation has 
been provided to prevent overheating. 

Most scalers operate satisfactorily over a 
rangc of from 90 to 130 voltson the power- 
line input. In a few instances scalers have 
been encountered which become erratic if 
the line voltage fluctuates + 10 volts. To de- 
tect whether this characteristic is present, 
scalers are tested with the supply voltage at 
90 volts and at 130 volts, as well as at 110 
volts. 

The high-voltage rectifier is tested for 
regulation. Since counters usually have pla- 
teaus with slopes of the order of 5 per cent per 
100 volts, it is important that the high volt- 
age remain stable within better than 1 per 
cent for the fluctuations in power-line volt- 
ages ordinarily encountered. À rough test of 
the stability can be made by using a volt- 
meter of appropriate range and varying the 
supply voltage over a range of 90 to 130 
volts. If changes in the voltmeter readings 
are readily discernible, this usually means 
that the high voltage is insufficiently regu- 
lated. Where it is desirable to determine the 
actual degree of regulation, a null-type dif- 
ference voltmeter circuit is used. This per- 
mits measurements of changes of less than 1 
volt in the high voltage. 

The above tests are also applied to ascer- 
tain the stability of the high voltage with 
time for a constant regulated supply voltage. 
To obtain a satisfactory test of this kind, it is 
necessary to make observations on the high 
voltage over short intervals of time, say 
every minute, for 10 minutes, and over 
longer intervals of the order of every 10 min- 
utes for an hour. Slow changes are detected 
by observations every hour over a period of 
several hours. 

lf the high-voltage rectifier is supplied 
with a voltmeter, which is desirable, it is 
necessary to check the accuracy of this volt- 
meter. This meter, to be of real use, must 
read standard volts to within a few per cent. 
It is usually relied upon to adjust the voltage 
for operation of a new counter. If it is off by 
more than a few per cent, there is danger of 
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applying an excessive voltage to the counter 
before the operating range for the counter has 
been ascertained in terms of the inaccurate 
meter. [t is equally important that the errors 
be uniformly distributed over the scale. The 
voltmeter can be checked at a number of 
readings by use of 4 calibrated voltineter of 
high resistance connected in parallel with 
it. 

The only component of the scaling cir- 
cuitassembly remaining to be discussed is the 
mechanical register. l'ortunately, these de 
vices are ruggedly built, and are not required 
tooperate at very high recording rates. When 
high counting rates are used, additional scal- 
ing stages are usually introduced to relieve 
the register of excessive rates. [t is rare that a 
register of the decade type fails to operate 
properly, and little attention is given to 
them in testing unless obvieus defects become 
apparent. 

8. Testing of Rate Meters: Equipment for 
the operation of Geiger-Muller counters us- 
ing the principle of the rate meter for visual 
indication is less commonly used for quan- 
titative measurements than is the scaler type 
of instrument. This situation arises from the 
fact that the indicating meter is subject to 
fluctuations inherent in the emission of ra- 
dioactive radiations, and is therefore diffi- 
cult toread accurately. These fluctuations be- 
come pronounced in the more sensitive mod- 
els with a short time constant to give more 
nearly instantaneous readings of intensity. 
Rate meters are usually employed in counter 
units for survey purposes where high ac- 
curacy is not expected. They also lend them- 
selves readily to continuous recording on 
moving-chart recorders. Rather simple tests 
are required on these instruments, such as 
determinations of the stability of the high- 
voltage supply, variations of meter indica- 
tion with power-line voltage, and a test of 
the linearity of the meter scale with the in- 
tensity of the radiation incident on the 
counter. Usually, commercial models are 
supplied with a counter tube, so that tests 
are made on the complete assembly. Occa- 
sionally, rate-meter dials are calibrated in 
counts per unit of time. The accuracy of 
these scales can be checked by use of a stable 
oscillator with adjustable frequency to pro- 
duce suitable pulses for activating the cir- 
cuit. 

9. Health Survey Meters: A considerable 
number of instruments manufactured for the 
measurement of radioactivity consist of de- 
vices using ionization chambers to measure 
gamma radiation in roentgens. The visual 
indication is achieved either by quartz-fiber 
electroscopes, or by electronic amplification 
of the ionization current. The accuracy re- 
quired of these meters is of the order of £15 
per cent. 

The most important test of survey 
meters consists in checking the accuracy of 
the scale of the instrument, which usually is 
marked to read milliroentgens per hour. 
"Those using quartz fibers require observation 
of the rate of deflection of the fiber. In some 
cases a timer, such as a flashing light, is built 
into the instrument. 

The calibration of these survey meters is 
conveniently checked by use of the gamma 
radiation from standardized preparations of 
radium. One milligram of radium enclosed in 
0.5 mm of platinum gives, with sufficient ap- 
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proxitnation, 0.85 mr per hour at a distance 
of 1 meter. Therefore, preparations of ra- 


dium of the order of 10 to 100 mg are con- | 


venient in checking the calibration of the 
usual survey meter. The inverse square law 
can be assumed to hold for distances of the 
order of 25 to 200 cm, if care is taken to re- 
duce the effects of scattering of gamma radia 
tion by near-by objects. Measurements of 
distance of the source are made from the cen 
ter of the ionization chamber. More accurate 
tests are obtained if a series of radium prepa 
rations are available, so that the indications 
of the instrument at differeng intensities of 
the radiation are made in a fixed. geometry. 

The variation of the sensitivity with 
temperature is made at two temperatures, 
about 20°C apart. Temperatures in the neig 
borhood of 0*C and 20°C are usually chosen 
for this test. 

Survey meters should give readings in 
terms of roentgens, which means that they 
should indicate 1 roentgen for that intensity 
of radiation which produces the amount of 
ionization in air required by the definition of 
the roentgen, Unless the ionization chamber 
has been properly designed to produce the 
»ame relative ionization as is obtained in an 
aic-wall chamber for gamma radiations of 
various energies, the chamber will not give 
true readings for all energies of gamma rays 
Such chanil ers are sometimes called “en 
ergy-dependent.” The degree of deviation 
with energy in these chambers can be checked 
by comparing the readings with those of an 
instrument which has been checked over a 
range of energies when both are exposed suc- 
cessively to radiations of differing energies. 
In practice, this is most conveniently accom- 
plished by using as sources a series of radio- 
isotopes which emit gamma rays of different 
energy. This tests the instrument under con- 
ditions approximately those under which it 
will be used. 

Some health survey meters are of the in- 
tegrating type; that is, they indicate the total 
amount of radiation in milliroentgens to 
which they have been exposed. The most im- 
portant of these is the pocket chamber. '] his 
is a small ionization chamber provided with 
best quality of electrical insulation. In. use, 
the central electrode is charged to a definite 
potential, and thechamber is issued toan in- 
dividual whose work exposes him to gamma 
radiation. At the end of the day the chamber 
is returned to the laboratory, and the resid- 
ual potential measured. The charging de- 
vice contains a quartz-fiber electroscope 
which measures the initial charging poten- 
tial, and is also used to measure the residual 
potential. The scale of this instrument is cal- 
ibrated in roentgens. 

Pocket chambers are tested for natural 
leakage of charge due to imperfect insulation. 
In a good chamber a negligible fraction of 
the initial charge will leak off in twenty-four 
hours when protected from exposure to ra- 
diation. Tests are also made of the loss of 
charge due to vibration or shock. A good 
chamber may be dropped on the floor from 
height of several feet and show no change in 
potential. Finally, the accuracy of the cali- 
bration is checked by comparing the read- 
ings obtained from the charging electrometer 
with the radiation computed from exposures 
of measured duration at various distances 
from standardized preparations of radium. 
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The Columbia Long-Playing Microgroove 
Recording System’ 


PETER C. GOLDMARK}İ, FELLOW, IRE, RENE SNEPVANGERST, AND 
WILLIAM S. BACHMAN], MEMBER, IRE 


Summary—The Columbia LP (long-playing) microgroove re- 
sording system was developed to fill the need for music reproduction 
vhich would avoid interruptions not intended by the composer, and 
which would be of excellent quality at a reasonable cost. This all- 
mportant factor of cost and the public's familiarity with the handling 
of phonograph records made it desirable to solve the task on the 
pasis of records, rather than tape or wire. 

Standard 78-rpm records were originally designed to generate 
sound mechanically by direct transfer of energy from the groove of 
the record to the vibrating diaphragm. Because'the entire acoustical 
energy had to be extracted from the grooves, these had to be quite 
rugged, and remained so up until now. 

The new Columbia recording system was an inevitable outcome 
of the use of electrical amplification between the groove and the 
loudspeaker. Today, practically no mechanical energy needs to be 
extracted from the groove, and thus, for the first time, it has been 
possible to develop much finer grooves, permitting longer playing 
time and distortion-free reproduction. 


INTRODUCTION 


HE COLUMBIA LP! (long-playing) microgroove 
"| recoraing system was developed to provide un- 

interrupted music reproduction of better quality 
at a reasonable cost. This all-important factor of cost, 
together with the public's familiarity with the handling 
of phonograph records, made it desirable to solve the 
problem on the basis of disk records, rather than by tape 
or wire. 

Standard 78-rpm records were originally designed to 
generate sound mechanically by direct transfer of energy 
from the groove of the record to the vibrating dia- 
phragm. Because the entire acoustical energy had to be 
extracted from the grooves, these had to be quite 
rugged, and remained so until now. The weight of the 
diaphragm and armature, together with the acoustical 
reproducer, resulted in high vertical needle forces, re- 
quiring large stylus diameters. The latter made neces- 

sary the use of the high-speed turntable (78 rpm) in 
order to allow for a sufficient frequency range and a 
minimum of distortion. Today, practically no mechani- 
cal energy need be extracted from the groove, thus al- 
lowing a far greater latitude in the design of an im- 
proved system. 

The fundamental principles of the Columbia LP rec- 
ords are the slow rotational speed of 334 rpm, represent- 
ing a time-saving factor of roughly 2.3; and finer 
grooves, up to 300 per inch. 
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PLAYING TIME 


It was found that the average playing time for classi- 
cal works is approximately 36 minutes. Nevertheless, 
standards were developed to accommodate as much as 
50 minutes of playing time on a 12-inch record. 

The following analysis establishes the optimum rela- 
tionship between the inside and outside groove diam- 
eters for maximum playing time. 

The variables used are: 


d=inside groove diameter in inches 
D=outside groove diameter in inches 
R=revolutions per minute 
N — total number of grooves 
T — playing time in minutes. 
The constants used are: 
n —grooves per inch 
Vmin = minimum permissible linear groove velocity in 
inches per second. 
The playing time T is equal to the total number of 
grooves N divided by the revolutions per minute R of 
the record. 


(1) 


N is a function of the number of grooves per inch and 
of the radial distance utilized: 


D-—d 
v= nf ) 
2 


R is determined by the minimum recorded radius and 
the minimum permissible linear groove velocity: 


(2) 


60V min 


= (3) 


wil 


Substituting (2) and (3) in (1), 


(- — ? 
n 
2 Tn 


60Vinw 120V min 
ad 


(Dd — 49). (4) 


Maximizing T with respect to d, 


ôT 


öd 120V min 


TH 


(D — 24) = 0 
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and 
(5) 


In other words, maximum playing time for a given 
inner-groove linear velocity is obtained when the inner 
diameter of the record equals one-half the outer diam- 
eter. 


From (4), with d=D/2 


vn? 
180 Ean 


and 


480V mia T 
ME (6) 
T. 


Thus, when 7—20 minutes, Visin=10 inches per sec- 
ond and D —11.5 inches; the number of grooves per inch 
n will be 230. As the nearest practical value, 224 
grooves per inch are used for all records up to 20 min- 
utes per side, or 40 minutes total playing time. This 
requires an inner diameter of 5.5 inches, with a corre- 
sponding velocity of 9.6 inches per second. On' record 
sides requiring more than 20 minutes of playing time, 
260 grooves per inch are used. 


TRACING DISTORTION 


Increasing the length of playing time by an appreci- 
able factor was only one of the goals to be accomplished. 
With the advent of FM and professional tape recorders, 
improved performance over standard 78-rpm and even 
transcription records became a necessity. 

In the following, an analysis will be made of the per- 
formance of Columbia's LP records in relation to com- 
mercial 78-rpm records, and also to transcription-type 
recording. The chief factors considered will be those 
which are influenced by the linear speed and by the am- 
plitude excursions of the reproducing stylus. It has been 
found in disk recording in general that the limitations 
imposed by cutter performance, such as clearance angle 
of cutting stylus, acceleration of the stylus, etc., are usu- 
ally less limiting than the tracing distortion, which is a 
function of the minimum radius of curvature of the 
traced waves and the effective radius of the reproducing 
stylus.? 

First, the minimum radius of curvature corresponding 
to maximum deviation amplitude for various types of 
records (78-rpm, transcription, and LP) will be deter- 
mined; at the same time, it will be postulated that the 
radius of curvature is not to be less than the effective 
radius of the reproducing stylus. This does not imply 
that such a condition ensures distortion-free reproduc- 


2 W. S. Bachman, “Phonograph dynamics," Electronic Ind., vol. 
4, pp. 86-89; July, 1945. 
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tion, since, even under this condition, the center of the 
reproducing stylus does not trace a sine wave. Distor- 
tion increases very rapidly when the effective stylus 
radius exceeds the radius of curvature.? The purpose of 
this analysis, however, is to show the relative perform- 
ances of 78-rpm, transcription, and LP records, rather 
than to define certain requirements already well-known 
in the recording field. 

Arbitrarily, the condition two radii 
(namely, minimum radius of curvature of wave and ef- 
fective radius of reproducing stylus) are equal, will be 
named the limiting condition, and the corresponding 
frequency will be termed the limiting frequency. 

In general, the radius of curvature for a function 
y=f(x) can be expressed as follows: 


«T 


r=- ——— TEM me (7) 


dx? 


where the 


Applying this to a sine wave, y=D sin 27x/A, it can be 
shown that r has a minimum for x=)/4. Thus, 


Xt 
4vr?D l 


Tmin = 


(8) 


The wavelength À as traced on the record is equal to the 
lincar velocity V of the groove at that point, divided by 
the frequency f of the energy delivered to the cutting 
stylus. Therefore, the frequency at which the minimum 
radius of curvature will equal the effective reproducing- 
stylus tip radius for the deviation D can be called limit- 
ing frequency, and will be 


V 
2v Ira 


fi= (Y) 


Actual values of f; can now be determined for 78-rpm 
records, transcription disks, and LP records for the 
maximum possible deviation (Dinax) when using the 
innermost grooves. The critical frequency values are of 
greatest interest for those grooves nearest the center be- 
cause of their low linear velocity. 

For 78-rpm records at a 4-inch diameter, the linear 
velocity V—16.3 inches per second. The tip radius is 
usually 3 mils, and the effective radius rett —0.003 cos 
a/2, where æ is the total groove angle. Thus, since 
a=90°, rete=0.0021 inch. The peak displacement 
Dmax = 0.002 inch; substituting these values in (9), 


16.3 


fias = eae 
; 2s v (0.0021) - (0.002) 


= 1,270 cps. (10) 


The limiting frequency for transcription records is 


14 


furry = SS Se E 
2v v (0.0017): (0.0011) 1,620 cps. 


(11) 
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Finally, the innermost grooves of LP records have a 
inear velocity of the order of 9.6 inches per second; 
he reproducing-stylus tip radius is 0.001 inch, and the 
lective radius equals 0.0007 inch. The maximum 
iroove deviation is 0.0009 inch. From these values, it 
ollows that 


9.6 


2 / (0.0007) (0.0009) s 


fuir) = 1,940 cps. 


Thus, the limiting frequency for LP records is higher 
-han for either transcription records or standard 78- 
"pm records. 

With regard to these frequency values, an obvious 
-onclusion would be that none of the three recording 
systems under scrutiny is capable of reproducing fre- 
quencies above the values corresponding to the limiting 
frequency; in the case of the LP record, this would be 
1,940 cycles. It is necessary to keep in mind, however, 
that the various values for f were established using the 
maximum groove displacement Dii. 

Since second-harmonic distortion is automatically 
eliminated by virtue of the complete symmetry of the 
distortion produced in the traced waves, another way of 
comparing tracing distortion between 78-rpm commer- 
cial records, transcription records, and the LP micro- 
groove records is to utilize an expression for the rms 
value of third-harmonic lateral tracing distortion? T. 


6x*-r?- D?. f* a 
= ——— cos? —, 
2 


y: 


T (13) 


where 
=tip radius of the reproducing stylus in inches 
D = peak amplitude of the recorded wave in inches 
f=frequency of the recorded wave in cps 
V=linear groove velocity in inches per second 
a=groove angle. 

Since the purpose is to determine the relative distor- 
tion of various disk-recording systems, a graph has been 
prepared (Fig. 1) in which, based on (13), the distortion 
of LP records, commercial transcription records, the 
recently announced RCA 1-inch record, and conven- 
tional 78-rpm records has been determined in relation 
to the tracing distortion on the inside of the standard 
78-rpm disk. The ordinate gives the inverse of this dis- 
tortion ratio, so that, the higher the ordinate value, the 
better the theoretical quality of the record. For in- 
stance, the LP record on the outside (zero minutes play- 
ing time) shows 85 times less distortion than the inside 
of the conventional 78-rpm record. After 21 minutes 
playing time, the LP record shows roughly 6.2 times less 
distortion. The RCA 7-inch record shows 7.4 times less 
distortion. With respect to actual demonstrable differ- 
ences among these various types of records, it can be 


^3 


* W. D. Lewis and F. V. Hunt, “A theory of tracing distortion in 
sound reproduction from phonograph records,” Jour. Acous. Soc. 
Amer., vol. 12, p. 353, 1941. P 
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seen that the tracing distortion on the inside of com- 
mercial transcription records (after 15 minutes playing) 
is roughly one-third of that found on the inside of the 
78-rpm record. It is questionable whether additional 
reduction in tracing distortion can be demonstrated 
with anything short of professional laboratory equip- 
ment when using regular program material. 


MINUTES 
PLAYING TIME 


Fig. 1—Performance characteristics of various types of records. 


Equation (9) may be written with 7min —Fett. 
y? 


4n {Pret ( ) 


D usabile = 


This corresponds to the usable deviation that may be 
employed in recording a frequency f while still retaining 
the original condition that the stylus radius does not 
exceed the minimum radius of curvature of the re- 
corded wave. From (14), 


V2 
D asstle Arf rat fi 2 
= = C ) (15) 
Dux y? f 
dr? f Pres 


In Fig. 2, Dusabie/ Dmax iS plotted in percentage versus 
frequency for 78-rpm records, for transcription records, 
and for LP records. The ordinate indicates percentage 
usable maximum groove displacement where 100 per 
cent equals the maximum possible values used in (10), 
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(11) and (12). Thus, 100 per cent modulation equals 
0.002 inch (10) for 78-rpm records; 0.0011 inch (11) 
for transcription records; and 0.0009 inch (12) for LP 
records. As indicated previously, these conditions are 
those prevailing at the lowest linear velocity (inside 
grooves) for each particular type of record. 


SHES steer: 


LITT] 
RUM 


FREQUENCY IN CYCLES PER SECOND 


Fig. 2—Percentage maximum deviation versus frequency. 


The LP recording characteristic (v elocity versus fre- 
quency) is shown by curve 1 in Fig. 3. Curve 2 in Fig. 3 
shows the NAB velocity recording characteristic, which 
deviates from the LP characteristic in the low bass por- 


I LI J 
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FREQUENCY IN CYCLES PER SECOND 


Fig. 3—LP and NAB recording characteristics. 


tion only. The purpose for the LP bass lift is to reduce 
rumble and hum pickup, which would otherwise be more 
pronounced with the smaller deviations. 

Hand in hand with the LP record, suitable repro- 
ducing equipment has been developed in the Columbia 


PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section 


A M | 


Laboratories. Existing pickups, such as used for 78. 

rpm records, obviously could not be employed. First, 
as has been mentioned previously, the tip radius for 
LP records should be 0.001 inch (+ 10 per cent). Sec- 
ond, the weight requirements are quite different. Ex- 
tensive tests have shown that, for a stylus of 0.001- 
inch radius, as used with the LP records, a downward 
stylus force not exceeding 6 grams is desirable. An 
LP stylus employing a 6-gram force exerts no more 
pressure than the average 78-rpm pickup. 

The necessity of developing a single cartridge capable 
of tracking both LP and 78-rpm records with only 6 
grams stylus force was also realized. As a result, two 
cartridges with a new nonresonant type of arm were 
developed; a single cartridge playing LP records only, 
and another cartridge having two styli and a single 
crystal capable of playing either LP or 78-rpm records. 
Both cartridges track with a downward force of only 5 
to 6 grams and have approximately 0.5 volt rms output. 
These cartridges, with an associated filter, have a sub- 
stantially flat response over the entire recorded fre- 
quency range. 

Since the included groove angle of both LP and 78- 
rpm records is approximately 90 degrees, the vertical 
force F, tending to force the stylus out of the groove 
is equal to the total lateral force on the stylus Fz. This 
force has a component F, which overcomes the stiffness 
of the stylus and tends to force the stylus away from its 
position of equilibrium, and an opposing component Fa, 
which accelerates the stylus toward its position of 
equilibrium. At low frequencies, where most tracking 
problems were encountered, F,, which decreases with 
the square of the recorded frequency, becomes negligi- 
ble compared to F,, and can, therefore, usually be neg- 
lected. 


Then, 
F, = F, =F, (at low frequencies). (16) 
Now 
P ( 


where C is the compliance measured at the point of the 
stylus. 


From (16) and (17), 


(18) 


ELE the Dmax and F, used in the LP system in 
18), 


_ (0.0009) - (2.54) 


(6). (980) = (0.39) - 10-6 cm/dyne. 


(19) 


Substituting the p RE values for the 78-rpm 
side of the dual cartridge 


1949 


_ (0.002) - (2.54) 


(6) - (980) = (0.87) - 10-5 cm/dyne. 


(20) 


This higher value of compliance was obtained by 
employing a stylus wire of a smaller diameter. Actual 
compliance values in these cartridges are more than 
double the values given above, which represent the 
lowest ones required theoretically. 

A number of laboratory player attachments were 
built using the newly developed pickups and employing 
standard two-pole motors, modified to give wow- and 
rumble-free reproduction. The players and the records 
were field-tested in homes over a considerable period 
of time. Fig. 4 shows the LP attachment designed by 


Fig. 4—Columbia's experimental dual cartridge-dual speed player. 


Columbia to play both 78-rpm and LP records using 
the nonresonant arm and dual cartridge described previ- 


PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section 


927 


ously. Fig. 5 shows the Columbia player attachment 
engineered by Philco. 


Fig. 5—Philco LP record player. 
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- Direct Voltage Performance Test for Capacitor Paper" 
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m. 


Summary—Performance of capacitors on accelerated life test 
may vary over a wide range depending upon the capacitor paper 
used. Indeed, at present a life test appears to be the only practical 
means for evaluating capacitor paper, since, within the limits ob- 
served in commercial material, the chemical and physical tests 
usually made do not correlate with life. Lack of correlation is 
ascribed to obscure physical factors which have not yet been iden- 
tified. 

Generally, several weeks are required to evaluate a paper by 
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life tests of the usual severity. Unfortunately, the duration of these 
tests is too long for quality control of paper. 

The desire for a life test which requires no more than a day or 
two for evaluation led to the development of a rapid dc test. The 
philosophy of rapid life testing is based upon the experimental evi- 
dence that the process of deterioration under selected temperature 
and voltage conditions is principally of a chemical nature, and also 
upon the well-known fact that rates of chemical reaction increase 
exponentially with temperature. 

Life tests on two-layer capacitors conducted at 130°C provide 
an acceleration in deterioration many fold more than that obtained 
in the lower-temperature life tests, and correlate well with these 
tests. 
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des (5) 


In other words, maximum playing time for a given 
inner-groove linear velocity is obtained when the inner 
diameter of the record equals one-half the outer diam- 
eter. 


From (4), with 2 D/2 


mn? 
T 480V min 


and 


480V min T 
n= ——— (6) 
7D? 


Thus, when 7220 minutes, V,;,— 10 inches per sec- 
ond and D «11.5 inches; the number of grooves per inch 
n will be 230. As the nearest practical value, 224 
grooves per inch are used for all records up to 20 min- 
utes per side, or 40 minutes total playing time. This 
requires an inner diameter of 5.5 inches, with a corre- 
sponding velocity of 9.6 inches per second. On 'record 
sides requiring more than 20 minutes of playing time, 
260 grooves per inch are used. 


TRACING DISTORTION 


Increasing the length of playing time by an appreci- 
able factor was only one of the goals to be accomplished. 
With the advent of FM and professional tape recorders, 
improved performance over standard 78-rpm and even 
transcription records became a necessity. 

In the following, an analysis will be made of the per- 
formance of Columbia's LP records in relation to com- 
mercial 78-rpm records, and also to transcription-type 
recording. The chief factors considered will be those 
which are influenced by the linear speed and by the am- 
plitude excursions of the reproducing stylus. It has been 
found in disk recording in general that the limitations 
imposed by cutter performance, such as clearance angle 
of cutting stylus, acceleration of the stylus, etc., are usu- 
ally less limiting than the tracing distortion, which is a 
function of the minimum radius of curvature of the 
traced waves and the effective radius of the reproducing 
stylus.? 

First, the minimum radius of curvature corresponding 
to maximum deviation amplitude for various types of 
records (78-rpm, transcription, and LP) will be deter- 
mined; at the same time, it will be postulated that the 
radius of curvature is not to be less than the effective 
radius of the reproducing stylus. This does not imply 
that such a condition ensures distortion-free reproduc- 


2 W. S. Bachman, “Phonograph dynamics,” Electronic Ind., vol. 
4, pp. 86-89; July, 1945. 
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tion, since, even under this condition, the center of the 
reproducing stylus does not trace a sine wave. Distor- 
tion increases very rapidly when the effective stylus 
radius exceeds the radius of curvature.? The purpose of 
this analysis, however, is to show the relative perform- 
ances of 78-rpm, transcription, and LP records, rather 
than to define certain requirements already well-known 
in the recording field. 

Arbitrarily, the condition where the two radii 
(namely, minimum radius of curvature of wave and ef- 
fective radius of reproducing stylus) are equal, will be 
named the limiting condition, and the corresponding 
frequency will be termed the limiting frequency. 

In general, the radius of curvature for a function 
y —f(x) can be expressed as follows: 


«OT 


Applying this to a sine wave, y=D sin 27x/À, it can be 
shown that r has a minimum for x=h/4. Thus, 


A? 
4r?D 


fmin = 


(8) 
The wavelength À as traced on the record is equal to the 
linear velocity V of the groove at that point, divided by 
the frequency f of the energy delivered to the cutting 
stylus. Therefore, the frequency at which the minimuni 
radius of curvature will equal the effective reproducing- 


stylus tip radius for'the deviation D can be called limit- 
ing frequency, and will be 
f E s 
ED (9) 

Actual values of f; can now be determined for 78-rpm 
records, transcription disks, and LP records for the 
maximum possible deviation (Dinax) when using the 
innermost grooves. The critical frequency values are of 
greatest interest for those grooves nearest the center be- 
cause of their low linear velocity. 

For 78-rpm records at a 4-inch diameter, the linear 
velocity V 216.3 inches per second. The tip radius is 
usually 3 mils, and the effective radius ret 7 0.003 cos 
a/2, where a is the total groove angle. Thus, since 
a=90°, rets=0.0021 inch. The peak displacement 
Dmax = 0.002 inch; substituting these values in (9), 


16.3 


Jum = a4 AA = ` 


(10) 


The limiting frequencv for transcription records is 


14 


fi TR) = QQ Le SS 1 
2nv/(0.0017)-(0.0011) — 5:020 cps. — (11) 


| 
H 
I 
| 
| 


| 


1949 


Finally, the innermost grooves of LP records have a 


linear velocity of the order of 9.6 inches per second; 
the reproducing-stylus tip radius is 0.001 inch, and the 
effective radius equals 0.0007 inch. The maximum 
groove deviation is 0.0009 inch. From these values, it 
follows that 


9.6 


2m/ (0.0007) - (0.0009) s 


fuir = — 1,940 cps. 


Thus, the limiting frequency for LP records is higher 
than for either transcription records or standard 78- 
rpm records. 

With regard to these frequency values, an obvious 
conclusion would be that none of the three recording 
systems under scrutiny is capable of- reproducing fre- 
quencies above the values corresponding to the limiting 
frequency; in the case of the LP record, this would be 
1,940 cycles. It is necessary to keep in mind, however, 
that the various values for f were established using the 
maximum groove displacement Dmax- 

Since second-harmonic distortion is automatically 
eliminated by virtue of the complete symmetry of the 
distortion produced in the traced waves, another way of 
comparing tracing distortion between 78-rpm commer- 
cial records, transcription records, and the LP micro- 
groove records is to utilize an expression for the rms 
value of third-harmonic lateral tracing distortion? T. 


(13) 


where 
=tip radius of the reproducing stylus in inches 
D - peak amplitude of the recorded wave in inches 
f » frequency of the recorded wave in cps 
V 2 linear groove velocity in inches per second 
a — groove angle. 

Since the purpose is to determine the relative distor- 
tion of various disk-recording systems, a graph has been 
prepared (Fig. 1) in which, based on (13), the distortion 
of LP records, commercial transcription records, the 

. recently announced RCA 7-inch record, and conven- 
tional 78-rpm records has been determined in relation 
to the tracing distortion on the inside of the standard 
78-rpm disk. The ordinate gives the inverse of this dis- 
tortion ratio, so that, the higher the ordinate value, the 
better the theoretical quality of the record. For in- 
stance, the LP record on the outside (zero minutes play- 
ing time) shows 85 times less distortion than the inside 
of the conventional 78-rpm record. After 21 minutes 
playing time, the LP record shows roughly 6.2 times less 
distortion. The RCA 7-inch record shows 7.4 times less 

_ distortion. With respect to actual demonstrable differ- 
ences among these various types of records, it can be 


? W. D. Lewis and F. V. Hunt, "A theory of tracing distortion in 


sound reproduction from phonograph records," Jour. Acous. Soc. 


Amer., vol. 12, p. 353, 1941. 
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seen that the tracing distortion on the inside of com- 
mercial transcription records (after 15 minutes playing) 
is roughly one-third of that found on the inside of the 
78-rpm record. It is questionable whether additional 
reduction in tracing distortion can be demonstrated 
with anything short of professional laboratory equip- 
ment when using regular program material. 


o z2 ^4 6 e © 2 ^ 6 1 20 ?2 24 
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Fig. 1 —Performance characteristics of various types of records. 
E ype 


Equation (9) may be written with min —rett. 
V? 


——: 14 
42 =f rete ( ) 


D usable = 


This corresponds to the usable deviation that may be 
employed in recording a frequency f while still retaining 
the original condition that the stylus radius does not 
exceed the minimum radius of curvature of the re- 
corded wave. From (14), 


V? 
Dandie E SECUS = (^ ) ( 15) 
Dax V2 f 
tr? feror 


In Fig. 2, Dusblo/Dmsx is plotted in percentage versus 
frequency for 78-rpm records, for transcription records, 
and for LP records. The ordinate indicates percentage 
usable maximum groove displacement where 100 per 
cent equals the maximum possible values used in (10), 
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(11) and (12). Thus, 100 per cent modulation equals 
0.002 inch (10) for 78-rpm records; 0.0011 inch (11) 
for transcription records; and 0.0009 inch (12) for LP 
records. As indicated previously, these conditions are 
those prevailing at the lowest linear velocity (inside 
grooves) for each particular type of record. 
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Fig. 2—Percentage maximum deviation versus frequency. 


The LP recording characteristic (velocity versus fre- 
quency) is shown by curve 1 in Fig. 3. Curve 2 in Fig. 3 
shows the NAB velocity recording characteristic, which 
deviates from the LP characteristic in the low bass por- 
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Fig. 3—LP and NAB recording characteristics. 


tion only. The purpose for the LP bass lift is to reduce 
rumble and hum pickup, which would otherwise be more 
pronounced with the smaller deviations. 

Hand in hand with the LP record, suitable repro- 
ducing equipment has been developed in the Columbia 
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Laboratories. Existing pickups, such as used for 78-— 
rpm records, obviously could not be employed. First, 
as has been mentioned previously, the tip radius for 
LP records should be 0.001 inch (x 10 per cent). Sec- 
ond, the weight requirements are quite different. [éx- 
tensive tests have shown that, for a stylus of 0.001- 
inch radius, as used with the LP records, a downward 
stylus force not exceeding 6 grams is desirable. An 
LP stylus employing a 6-gram force exerts no more 
pressure than the average 78-rpm pickup. 

The necessity of developing a single cartridge capable 
of tracking both LP and 78-rpm records with only 6 
grams stylus force was also realized. As a result, two 
cartridges with a new nonresonant type of arm were 
developed; a single cartridge playing LP records only, 
and another cartridge having two styli and a single 
crystal capable of playing cither LP or 78-rpm records. 
Both cartridges track with a downward force of only 5 
to 6 grams and have approximately 0.5 volt rms output. 
These cartridges, with an associated filter, have a sub- 
stantially flat response over the entire recorded fre- 
quency range. 

Since the included groove angle of both LP and 78- 
rpm records is approximately 90 degrees, the vertical 
force F, tending to force the stylus out of the groove 
is equal to the total lateral force on the stylus Fz. This 
force has a component F, which overcomes the stiffness 
of the stylus and tends to force the stylus away from its 
position of equilibrium, and an opposing component Fa, 
which accelerates the stylus toward its position of 
equilibrium, At low frequencies, where most tracking 
problems were encountered, Fa, which decreases with 
the square of the recorded frequency, becomes negligi- 
ble compared to F,, and can, therefore, usually be neg- 
lected. 


Then, 
F, = F, =F, (at low frequencies). (16) 
Now 
F Drax (17) 
EET 


where C is the compliance measured at the point of the 
st ylus. 
From (16) and (17), 


(18) 


a the Do, and F, used in the LP system in 
18), 


c= (9.9909) (2.54) 


(60.980) ^ (0.39) - 10-6 cm/dyne. 


(19) 


Substituting the corresponding values for the 78-rpm 
side of the dual cartridge, 
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(0.002) - (2.54) 
- (6)- (980) 


= (0.87)- 10-5 cm/dyne. (20) 


This higher value of compliance was obtained by 


employing a stylus wire of a smaller diameter. Actual 
compliance values in these cartridges are more than 
double the values given above, which represent the 
lowest ones required theoretically. 

A number of laboratory player attachments were 
built using the newly developed pickups and employing 
standard two-pole motors, modified to give wow- and 
rumble-free reproduction. The players and the records 
were field-tested in homes over a considerable period 
of time. Fig. 4 shows the LP attachment designed by 


Fig. 4—Columbia's experimental dual cartridge-dual speed player. 


Columbia to play both 78-rpm and LP records using 
the nonresonant arm and dual cartridge described previ- 
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ously. Fig. 5 shows the Columbia player attachment 
engineered by Philco. 


Fig. 5—Philco LP record player. 
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- Direct Voltage Performance Test for Capacitor Paper" 
HAROLD A. SAUERT AND DAVID A. McLEANT 
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Summary—Performance of capacitors on accelerated life test 
may vary over a wide range depending upon the capacitor paper 
used. Indeed, at present a life test appears to be the only practical 
means for evaluating capacitor paper, since, within the limits ob- 
served in commercial material, the chemical and physical tests 
usually made do not correlate with life. Lack of correlation is 
ascribed to obscure physical factors which have not yet been iden- 
tified. 

Generally, several weeks are required to evaluate a paper by 


, * Decimal classification: R281 X R215.13. Original manuscript re- 
ceived by the Institute, June 7, 1948; revised manuscript received, 
November 24, 1948. 
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life tests of the usual severity. Unfortunately, the duration of these 
tests is too long for quality control of paper. 

The desire for a life test which requires no more than a day or 
two for evaluation led to the development of a rapid dc test. The 
philosophy of rapid life testing is based upon the experimental evi- 
dence that the process of deterioration under selected temperature 
and voltage conditions is principally of a chemical nature, and also 
upon the well-known fact that rates of chemical reaction increase 
exponentially with temperature. 

Life tests on two-layer capacitors conducted at 130°C provide 
an acceleration in deterioration many fold more than that obtained 
in the lower-temperature life tests, and correlate well with these 
tests. 
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INTRODUCTION 


tronic apparatus, must continue to face demands 

for higher-temperature and higher-voltage opera- 
tion, for more dependable service, and for greater com- 
pactness. Enormous improvements in dependability 
and general quality level of paper capacitors have been 
made over the past several years. Nevertheless, where 
dependability and long service life are paramount con- 
siderations, designs must still be based on the minimum 
expected life, a value which may be only a few per cent 
of the maximum expected life. 

Our work has indicated that large variation in the 
durability of paper capacitors subjected to direct volt- 
age results from uncontrolled variables in the paper. 
Many chemical and physical tests have been proposed 
for determining the durability of capacitor paper. Our 
experience with such tests indicates that they may 
suffice to eliminate the extremely poor papers but are 
valueless for choosing between, e.g., a moderately poor 
paper and an excellent paper. In Table I, it is seen that 
papers of widely different accelerated life test per- 
formance exhibit chemical and physical properties which 
are either identical or which fail to correlate with the 
life. In our opinion, the reason for this is that the life 
characteristics of paper are very sensitive to variations 
in its microstructure which none of the usual chemical 
and physical tests detects. Pending discovery of tests 
which will detect such variations, it is necessary to use 
life tests to determine the voltage performance of paper. 

The goal which was set was that of an accelerated life 
test which could be made in an elapsed time similar to 
the chemical and physical tests, i.e., a day or two. The 
result has been a testing procedure requiring about a day 
for preparation of samples and about the same time for 
performing the life test. 

It is generally agreed that increasing the voltage to 
accelerate life testing gives unreliable results at voltages 
much above two and one-half times the rated voltage. 
Owing to the chemical nature of the deterioration 
process, high acceleration may be gained through in- 
creasing the test temperature! 


Pree capacitors, like other components of elec- 


lÉQUIPMENT 


The method developed consists of subjecting two- 
laver capacitor test units to a direct voltage life test 
carried out at 130°C and 560 volts per mil. The equip- 
ment consists principally of a variable voltage rectifier 
producing potentials up to 2,000 volts, an oven, and a 
measuring and control circuit all housed in a steel 
cabinet. lig. 1 is a photograph of the apparatus dis- 
playing the general arrangement of the assembly and 


! D. A. McLean, L. Egerton, G. T. Kohman, and M. Brotherton, 
“Paper dielectrics containing chlorinated impregnants. Deterioration 
in dc fields," Ind. and Eng, Chem., vol. 34, pp. 101; January, 1942, 
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locations of the important components. Each capacitor 
on test (lig. 2) is in circuit with one pole of a double- 
pole breaker. Facilities are provided for testing ten 
capacitors at a time, No units are substituted for failed 


Fig. 1—Direct-voltage performance test set. 


specimens. Failure is marked by a steep rise in the cur- 
rent in the capacitor circuit. When this current reaches 
about 0.025 ampere the trip circuit is energized, remov- 
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Fig. 2— Test circuit schematic, 


ing ee voltage from the failed specimen and opening the 
110V-60 cps timing circuit associated with the other 
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pole of the, breaker. The timer is a motor-driven counter 
which records the time to one-tenth of an hour. The 
lamp circuit in parallel with the timing circuit aids in 
determining the status of the test. 


DESCRIPTION OF THE TEST 


If a life test on capacitors is to be used to evaluate 
capacitor paper, all other variables must be controlled. 
This means faithful reproduction of conditions of wind- 
ing, drying, and impregnation, together with constancy 
and purity of the other constituents; namely, the im- 
pregnant and the electrode metal. 

In this investigation, capacitor units aré wound with 
two layers? of paper 22 inches wide and with 0.00025 
inch thick aluminum foil electrodes to provide a capaci- 
tance, when impregnated, of approximately 1.0 yf for 
0.0004 inch thick paper. For thicknesses less than 0.0004 
inch, the windings are constructed to provide a test on 
the same area of paper as contained in a 1-uf 0.0004 
inch unit. For thicker papers, in order to avoid excessive 
physical size, less area is employed. 
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Fig. 3—Distribution of points of failure 
within test capacitor. 


The choice of units of these dimensions resulted from 
extensive auxiliary investigation in connection with the 
necessity of determining whether or not overheating de- 
velops within the unit during testing under these condi- 
tions, causing premature failure. Statistically, the weak- 
est point, and hence the point of failure, in the paper 
sheet should occur with equal probability on any sur- 
face element of the sheet. Post-mortem examination of 
a large number of specimens has shown that the two- 
layer units of the above specification exhibit a random 
distribution of failure along the length of the sheet, in- 
dicating the absence of local internal heating. On the 
other hand, when tested at the much higher voltages 
required to produce failure in a short time, local over- 
heating occurred in three-layer units of the same physi- 
cal dimensions as evidenced by an observed peak in the 
distribution curve, Fig. 3. Another factor which has 
favored the choice of two-layer units is that such a test 
has been found to be more discriminating than one on 
three-layer units, producing a greater difference in life 
from sample to sample. Another major reason is that 


_ 2 Two sheets of paper, one superimposed upon the other, are sand- 
wiched between aluminum foils, 
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the bulk of capacitors for telephone use is of two-layer 
construction. 

In the processing and testing, apparatus which is 
clean and is inert toward the impregnating compound is 
essential. Materials such as stainless steel, aluminum, 
nickel- or tin-plated steel, and glass are preferred for 
test jigs and containers. 

The units in Fig. 4 are held under spring pressure be- 
tween aluminum or stainless plates during all processing 
and testing. This provides a mechanical pressure of 
about 12 pounds per square inch. The processing is con- 
veniently considered in three steps: air-baking, vacuum- 
drying, and impregnating. 


Fig. 4—Capacitor units assembled in clamping jig. 


' The purpose of the air-bake is to produce limited 
oxidation of the paper to improve its electrical prop- 
erties.? Also, during the air-bake, the bulk of the mois- 
ture is removed. The air-bake is carried out at atmos- 
pheric pressure and 130?C for 16 to 18 hours. This 
temperature is also maintained throughout the following 
steps. 

In the vacuum drying, which follows the air-baking 
immediately, the units are held under vacuum ( «1 mm 
Hg) for 4.5 hours. During the first 3.5 hours, the vacuum 
is released momentarily every 30 minutes by admitting 
dry air. This aids in removing residual moisture. During 
the last hour the vacuum is applied continuously. The 
resulting residual moisture content is about 0.05 per 
cent or less based on the dry weight of the paper tested. 

The units are immersed in hot impregnant (130°C) 
for two hours directly following the drying and without 
breaking the vacuum. During the first hour, vacuum is 
maintained. The last hour is at atmospheric pressure. 


? D. A. McLean, “Paper capacitors containing chlorinated im. 
pregnants. Benefits of controlled oxidation of the paper," Ind. and 
Eng. Chem., vol. 39, p. 1457; November, 1947, 
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Fig. 5—Comparison of two-layer, 0.4-mil kraft capacitor papers listed in Table I. 


The impregnant used in these tests consists of chlori- 
nated naphthalene (Halowax 1001) stabilized with 0.5 
per cent of anthraquinone.! 

A set of test conditions could probably be found which 
would involve neither stabilization nor air-bake. How- 
ever, the process described here closely simulates that 
employed in the manufacture of telephone capacitors. 

The test jig with impregnated units in place is then 
rapidly transferred to the test container and covered 
with the same compound used in impregnation. Electri- 
cal connections are made to the container terminals. 
Solder connections have been avoided in order to elimi- 
nate the possibility of solder flux contamination of the 


* D. A. McLean and L. Egerton, "Paper capacitors containing 
chlorinated impregnants, Stabilization by anthraguinone,” Ind. and 
Eng. Chem., vol. 37, p. 73; January, 1945. 


impregnant. The cover is attached and the container 
placed in the oven. After equilibration at test tempera- 
ture, the capacitance of each unit is measured as a cir- 
cuit check, followed by a short time direct-voltage di- 
electric strength test performed by applying a voltage 
about 50 per cent in excess of the-life test voltage for 
eliminating mechanically defective samples. The direct- 
current leakage at 100V is then recorded before the volt- 
age is raised to the life test potential. 


DISCUSSION oF LIFE TEST RESULTS 


» The 130°C life test results on papers referred to in 
l'able I are compared in Fig. 5 with tests conducted at 
65*C and 500 volts. In the step-wise plot the time axis 
in the 130?C life test is hours; in the slower life tests it 
is days. The scales of the time axes are in the ratio of 
48:1 and it will be observed that the 1309C life test pro- 
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vides additional acceleration in deterioration of the or- 
der of the time scale ratio. 

The time to fifty per cent failure for both the 130°C 
and 65°C tests has been recorded in Table I as an arbi- 
trary yardstick of comparison. The five papers show the 
same relative order on both tests with the exception of 
reversal of the second and third place. The order (1 to 5) 
as shown is on the basis of the results of the 130°C tests. 

Satisfactory duplicability on check runs, shown on 
Fig. 6, is readily obtained. The important aspects of 
duplicability are the assurance that the equipment is 
performing satisfactorily, and that test samples are be- 
ing prepared in a consistent manner. Early failures arise 
from various causes; partly, from mechanical defects in 
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the wound unit, but principally from variability of the 
paper. Apart from this, it will be observed that the 
course of the life chart results in comparable total inte- 
grated life for duplicate runs, the criterion upon which 
duplicability is based. 

The spread of results that can be expected of com- 
mercial capacitor paper can be judged approximately 
from Fig. 5. The setting up of criteria for acceptable pa- 
per is beyond the scope of this paper. However, it ap- 
pears that in a period of twenty-four to forty-eight hours 
the general quality level of the lot being tested can be 
judged, provided that the limited number of test units 
which it is practical to test is representative of the lot. 
Sampling, required by statistical considerations, to ac- 
complish this end to a high degree has not been deter- 
mined. 

It appears that this test will be of value in research on 
capacitors, both in improving the quality of the paper 
and in isolating the factors which- govern the life of ca- 
pacitors. 

For purposes of illustration, data have been given on 
only 0.0004 inch papers. Extensive investigation indi- 
cates that similar relationships hold for other thick- 
nesses of paper. 
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TABLE I 
CHEMICAL AND PHYSICAL PROPERTIES OF 0.0004- ICH) KRAFT CAPACITOR PAPERS 
Paper Sample M-86 M- "no M-89 M-95 M-87 
(1)* (2)* (3)* (4)* (5)* 
Chemical Properties: 
Conductivity of water extract (micromhos/cm) 4.6 7.5 5.0 2.7 5:5 
Chloride Content (92) 0.002 0.002 0.003 0.002 0.003 
Ash (95) 0.28 0.37 0.36 0.28 0.33 
Reaction of water extract (meq/gm) 0.002 0.003 0.0001 0.0002 0.011 
Alk Alk Alk Acid Alk 
Water soluble (95) 0.23 0.30 0.44 0.39 0.30 
Alcohol soluble (95) 0.06 9.18 0.14 0.16 0.10 
Benzene soluble (95) 0.06 0.10 0.04 0.05 0.04 
pH 7.5 8.4 
Permanganate number 11.5 12.7 12.7 13.3 12.3 
Pentosans 6.9 7.2 7.9 8.0 7.9 
Physical Properties: 
Porosity (Average) 1.6 1.8 0.4 0.4 2.6 
Porosity (Max. in 15 values) 3.7 3.9 0.8 0.6 7.9 
Apparent Density (Gm/cc) 0.9 0.94 0.98 0.99 0.94 
Conducting Particles (per sq. ft.) 2.4 2.6 0.6 5.9 3.4 
Life (2-layer units—Halowax plus 4% anthraquinone): 
Days to 50% Failure (65*C.—625V /mil dc) 427 72 240 50 8 
Hours to 50% Failure (130°C oa dc) 86 73 69 8 1 


* Order as shown on Fig. 5: 


— 
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Some Aspects of Cathode-Follower Design at 
Radio Frequencies” 


FRED D. CLAPPT, MEMBER, IRE 


Summary—Pertinent high-frequency design data including the 
circuit gain, the gain phase angle, the input impedance in resistive 
and reactive components, and the maximum allowable input signal 
voltage may be determined quickly from simple design charts derived 
by approximations which are applicable over a wide range of fre- 
quency and circuit parameters. The only circuit quantities required 
for use of the charts are the magnitude and phase angle of the 
cathode load impedance, the internal tube capacitances, and the grid- 
to-plate transconductance of the tube at the operating point. 


A discussion of the effects of the grid-to-cathode capacitance on * 


circuit operation at high frequencies is presented, including a critical 
analysis of the source impedance. It is shown that the source im- 
pedance may be greatly affected by the impedance of the grid driving 
source unless remedial measures are taken. Various circuit changes 
which reduce or eliminate the undesirable effects of the grid-to- 
cathode capacitance are offered with discussion and analyses. 


I. GaiN FUNCTION FOR A COMPLEX LOAD 
[IMPEDANCE 
EFERRING TO Fig. 1, if the load impedance is 
R a resistance Ry, the gain of the cathode follower 
is the ratio of ey to E, and has been given by 
many investigators! as 


= (1) 


where 

A — gain of stage 

p amplification factor of tube 

R,- plate resistance of tube 

R, = cathode load resistance. 
Equation (1) is easily derived by application of the 
equivalent plate-circuit theorem. 

It is apparent in (1) that if u is large compared to 


d 


Fig. 1—The gain of the cathode follower is the ratio of e, to 
E, when Rx is the load impedance. 


* Decimal classification: R139.21. Original manuscript received 
by the Institute, June 25, 1948; revised manuscript received, Oc- 
tober 18, 1948. The work described in this paper was made possible 
through support extended by the United States Navy Bureau of 
Ships, under contract NObsr-39401. 

¢ Antenna Laboratory, University of California, Berkeley, Calif. 

1 K. Schlesinger, “Cathode follower circuits," Proc. L.R.E., vol. 
33, pp. 843-855; December, 1945. 

2 |. Diamond, “Circle diagrams for cathode followers,” Proc. 
LR.E., vol. 36, pp. 416-420; March, 1948. 


unity considerable simplification is possible, resulting in 


1 
A= : (2) 
1 


RiGn 
If the cathode load impedance is complex, Ry in equa- 
tion (2) becomes Z= R, € j. X4. Rationalizing and sim- 
plifving the resulting expression, the magnitude of the 
gain A and its phase angle œ (which is the phase angle 
between ej and £, in Fig. 1) can be shown to be given 
by the following expressions 
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Fig. 2— Magnitude of complex gain A/a às a function 
of cathode load phase angle 6. 
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Fig. 3—Relation of cathode load phase angle to angle of 
complex gain function for various values of parameter GmlZal. 
where 
gm=grid-to-plate transconductance 
0 — phase anglé of cathode load impedance 
0 —arc tan X,/R, 
|a| = magnitude of complex gain. 
The phase angle of the complex gain is 
sin 6 


(4) 


a = arc tan ———À———— * 
Gn! Z| + cos 6 

Equations (3) and (4) are plotted as Figs. 2 and 3 with 

the product Eml Z.| as a parameter. These charts permit 

very quick and easy evaluation of the magnitude and 

phase angle of the stage gain for any load impedance. 

At low frequencies where the load impedance is essen- 

tially resistive, it may be considered that 0 —0 and the 

left ordinate of Fig. 2 will give the results obtained from 

previously published nomographs? for these conditions. 
ais then zero, of course. 


II. EFFECTS OF GRID-TO-CATHODE 
CAPACITANCE 


At high frequencies, the grid-to-cathode capacitance 
of commonly used tubes acts as a coupling impedance of 
serious proportions between input and output circuits. 
Several first-order results of this coupling are observed. 
First, the input impedance (dynamic impedance be- 
tween grid and ground) which is normally equivalent 
to the grid-to-plate capacitance shunted by a portion 
of the grid-to-cathode capacitance and an extremely 
high resistance, is lowered significantly. Depending 
upon the phase angle of the cathode load impedance, 
the resistive component may become negative in sign, 
although the reactive component is always capaci- 


m 


3? M. B. Kline, “Cathode follower nomograph for pentodes,” Elec- 
tronics, vol. 20, p. 136; June, 1947. » 
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tive. With capacitive cathode loads of suitable pro- 
portions, the negative resistance seen looking into the 
grid circuit may become so low that oscillation in some 
mode is virtually a certainty. The input capacitance 
may be significantly increased. Using the symbols of 
Fig. 1, the input current may be written: 


UE (5) 
—jX ok 
ip > d, 
where 7,=current flowing to the grid. By previous defi- 
nition, 


R ĉo = E,A/a. (6) 
Then 
E —jX 
Zz,2—t. 5. 7) 
iy 1 — A/a 


In deriving (7), nothing has been said about the cur- 
rent flowing into the grid-to-plate capacitance. This 
component of the impedance is a static quantity unaf- 
fected by the tube operation (since the plate is assumed 
to be grounded for rf) and may be added in later. 

For convenience, (7) may be rationalized to separate 
the resistive and reactive components. Performing this 
operation yields 


a E 
Z,-|X&4l|—————4——3.:;-L. G8 
dud zl 1— 2|4|eosa t | A (8) 


The T sign corresponds to that of the cathode-load 
phase angle 0. 

Equation (8) expresses the new components of input 
impedance due to coupling of the grid-to-cathode ca- 
pacitance as a series circuit of capacitance and resist- 
ance across the input terminals. It is more convenient 
to express this new impedance in terms of an equivalent 
parallel circuit of resistance and capacitance. This is 
easily done with the standard circuit transformations, 
yielding 


EU Le 
"Y | A | sin a 
| XavA + Gal Zeal cos 0 + G«IZD* (9) 
A sin 6 : 
S NENNT e E 
Ww 1-[|A4 | COS a 
29e 
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where 
Ryar=equivalent shunt resistance appearing across 
p q 
input terminals 


— —! 
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X par equivalent shunt reactance appearing 
across input terminals 

Cyar=equivalent shunt capacitance appearing 
across input terminals. 

Equations (9), (10), and (11) are normalized with re- 
spect to .X,, and C,, and plotted in Figs. 4, 5, and 6. 
After first finding | 4| and a from the curves previously 
presented, the input impedance components may be 
very quickly found with sufficiently good accuracy for 
most engineering purposes. 

Equation (9) shows that for frequencies and tube ca- 
pacitances such that X,, is a few hundred ohms, the 
cathode follower will make a vigorous oscillator if the 
cathode load is capacitive so that Rpar has a negative 


sign. This phase of operation has been well covered in’ 


several of the references. 

The second very important result of the grid-cathode 
coupling is its influence upon the effective source im- 
pedance of the cathode follower. 

The source impedance may be defined as that imped- 
ance seen looking into the output terminals toward the 
tube as in Fig. 7. Here a shunt circuit of three elements 
is seen represented by the cathode load impedance Z,, 
the tube plate resistance R, in series with the equivalent 
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Fig. 4—Equivalent shunt resistance of cathode- 
follower input impedance. 
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Fig. 5—Enquivalent shunt reactance of cathode- 
follower input impedance. 


generator, and the cathode-grid reactance in series with 
whatever impedance appears between grid and ground 
represented by the symbol Z,,. It is important to note 
that Z,, may be anything from a very low value to a 
very high value depending on the nature of the driving 
source and stray reactances. 


The circuit of Fig. 7 may be solved by Kirchhoff's 
laws from the equations 


Ze — i£. — iZi = E, (12) 
îpRp = Ey + Hes, (13) 
lolos — jX gk) = Ey (14) 


where E,=test voltage applied across output terminals. 
For convenience, a new quantity 8 will be defined 
which is given by 
pes ws IX ok 


Jog — IX ok s 
B represents the portion of cathode-ground voltage 
E, which appears between grid and cathode €, due tostat- 
ic voltage division by the impedances from grid to 
cathode and from grid to ground. 
Simultaneous solution of (12), (13), and (14) and in- 
sertion of (15) gives the source impedance as 
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Fig. 6—Ratio of apparent input capacitance to grid cathode 
capacitance as a function of cathode follower complex gain Afa. 
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B rt c a 1+ aß 

Zi Ze — Xo R, 
No approximations are involved in this equation except 
the assumption that all the voltage across Zx is due to 
the plate current; i.e., ip tg. 

Inspection of the circuit reveals that the first 2 de- 
nominator terms are static quantities unaffected by tube 
operation. The term (1 --uf)/R, corresponds to the dy- 

, namic component of the source impedance which is of 

"particular interest. If 8 —1, this term is seen to have a 
value so high with most tubes that the other denomina- 
tor terms may be neglected and the source impedance 
written in the form usually given for low frequencies; 


Z= 


(16) 


Z, -— m —. 
low frequency 

Equation (15) shows that, if the grid-to-ground im- 
pedance is comparable to the grid-to-cathode imped- 
ance, (17) is no longer a good approximation. This is 
only likely to happen in the case where a tuned circuit 
is connected between grid and ground so that the stray 
reactances are tuned out, becoming part of a tuned cir- 
cuit at parallel resonance. In this case, however, the 
grid-to-ground impedance may assume values so large 


(17) 
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es = Bt, 


Fig. 7—Shunt circuit represented by the cathode load impedance 

Z, and the cathode-to-grid reactance in series with impedance Ze. 
compared to X, that 6 approaches zero and the term 
(1+u8)/R, approaches 1 /R;. The source impedance then 
becomes quite large and the expected advantages of the 
cathode follower fail to materialize. 

From the foregoing, it is clear that, if a cathode fol- 
lower is driven by a tuned grid circuit at frequencies of 
the order of megacycles, the operation is likely to be 
unsatisfactory. The output will be lower than expected 
due to the increased source impedance and oscillation is 
likely at either the tuned circuit frequency, the input 
leads frequency, or both. This presupposes that the 
cathode load impedance will be capacitive, a probable 
result of the cathode-to-heater capacitance and other 
strays. 

III. REMEDIAL MEASURES 


If operation with a tuned grid circuit is required, sev- 
eral methods are available for nullifying, or at least re- 
ducing, the effects of grid-to-cathode coupling. 

(a) The oscillation may be suppressed by inserting a 
resistor of suitable size in series with the grid to damp 
the circuit. Depending on the frequency, this resistor 
will load the tuned circuit in a manner to be analyzed 
later. This method has definite limitations. 

(b) A coil may be placed from grid to cathode, with 
a suitable dc blocking capacitor to resonate the grid-to- 
cathode capacitance (Fig. 8). This increases the value 
of X, by a very large amount and is effective in lower- 
ing the source impedance and suppressing oscillation at 
the design frequency. However, oscillation at frequen- 
cies determined by the grid-circuit leads may still occur 
since Z, is high at only one frequency. This method of 
operation is subject to the serious disadvantage that the 
coil must be changed for each change of operating fre- 
quency. 

It is, of course, possible to make the blocking capaci- 
tor Cp variable so that the total reactance may be ad- 


BLOCKING 
CONDENSER 


Fig. 8—Blocking capacitor Cs in series with Ly to resonate 
the grid-cathode capacitance Ca. 
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Fig. 9—Bridge neutralization using grid-to-cathode 
capacitance as one arm. 

justed to the correct value at each operating frequency. 

(c) The analogy of the foregoing to the familiar “coil 
neutralization” used in fixed-frequency broadcast and 
other transmitters leads to the circuit of Fig. 9 using the 
grid-to-cathode capacitance as one arm of a bridge cir- 
cuit. Variations of this circuit are those of Figs. 10 and 
11. 


OUTPUT 


Fig. 10—Alternate method of coil neutralization 
from that used in Fig. 9. 


To analyze the effects of these circuits upon the source 
impedance, refer to (16). 1t is seen that the only variable 
is B and that if it can be kept close to unity the source 
impedance will remain low. Remembering that B was 
defined as the ratio of grid-cathode to grid-ground volt- 
ages, we may draw the equivalent circuit of the cathode 
follower with bridge neutralization, look into the output 
terminals toward the tube, and deduce the source im- 
pedance. The equivalent circuit is given in Fig. 12. It is 
unnecessary to consider Z, in the equations since it is 
across the bridge and does not disturb the ratio of the 
arms. Referring to Fig. 13, the equations to be solved 
are 


Zoriz + Zila = ein (18) 
Anti — (Zu + Zu Zu)is +Z = 0 (19) 
Zoi, + Zi: — (Z2 + Z + Zi = 0. (20) 


Simultaneous solution of the above yields the currents 


Fig. 11—Another method of coil neutralization 
than that used in Figs, 9 and 10, 
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Fig. 12— Equivalent circuit of the cathode follower 
with bridge neutralization. 


which may then be used to find the desired ratio of volt- 

ages. This is 

€, Cid Cs jo ECC HC) (1) 
$m. tac Gs ortn tjel (C1 HC or) (Ca HC) 

The conditions for balance of the bridge are that the 
ratio Ca to C, should be the same as the ratio of imped- 
ances on each side of the tank-circuit ground tap. This 
is expressed by 


C E C, , (22) 
(5 iG: 
If (22) is substituted in (21) there results 
ed Q3) 
Cit Co 


This simple relation is seen to contain no frequency 
term, Since the tuning capacitor Ci is nearly always 
much larger than the grid-to-cathode capacitance Ca, 8 
is nearly always close to unity. 

If the circuit of Fig. 11 is used, the output voltage 
may be increased by making Cz=nC, and Cy 5 nC,, 
where z 7 1. Equation (23) still holds. 

Theoretically, for perfect balance to exist it is neces- 
sary that the stray reactances on both sides of the tank 
circuit be balanced, and that if a resistor is used in series 
with the grid another be placed in series with the neu- 
tralizing capacitor. In practice, sufficiently good results 
are usually obtained without these precautions. With 
any of the three neutralizing circuits shown (Figs. 9, 10, 
or 11) measurements indicate that the source impedance 
is constant to about 10 per cent when the grid circuit is 
tuned through resonance. Even better operation can be 
obtained at one frequency by careful adjustment. 

Circuits in which the coi] center tap is grounded for 
rf should be avoided as they will tend to oscillate at the 
resonant frequency of the circuit between grid and 
ground, usually 20 or 30 Mc. Parasitics in the split ca- 
pacitor circuits shown (Figs. 9 and 11) usually occur at 
frequencies determined by the lead path from the grid 
through the upper half of the split capacitor to ground. 


i — t 


prac. 


| Qk eg 


Fig. 13—Circuit analysis of the currents Which are used 
to find the desired ratio of voltages. 
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This path is normally much shorter so that the oscilla- 
tion has a frequency of several hundred Mc and is much 
less vigorous. In all split-capacitor circuits tested in the 
frequency range from 2 to 30 Mc. a grid resistor of 47 
ohms was sufficient for complete stability, and a value 
of 10 ohms was sufficient in many cases. 

It is important to keep this resistor as small as possi- 
ble, since it may have a serious effect on the input cir- 
cuit Q at the higher frequencies. This is due to the fact 
that the grid circuit voltage causes a current to flow 
through a path composed of the grid-cathode capaci- 
tance, the neutralizing capacitance, and the grid re- 
sistor. The loss due to this current results in a lowering 
of the Q of the input circuit. The amount of loss is di- 
rectly proportional to frequency squared since the cur- 
rent is proportional to frequency. — ' 

By simple transformations, it is possible to postulate 
an equivalent resistance in series with the tank circuit 
producing the same loss. The working Q of the circuit 
can then be expressed in terms of the unloaded Q, the 
circuit parameters, and the frequency. The relation is 


wl. 
Q m "NICO Tx) + nC gx]? 
REN a) 
where 


wL =reactance of tank coil 
Q= unloaded Q of tank coil 
R,= grid resistor 
Ry =resistor in series with neutralizing capacitor 
if used 
C=total effective tuning capacitance 
Out — effective Q of input circuit 
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With commonly used circuit values, a grid resistor of 
47 ohms wil! lower the circuit Q by one half at 20 Mc. 


IV. PERMISSIBLE INPUT VOLTAGE 


One aspect of cathode follower operation not usually 
stressed in the literature is the effect of a complex cath- 
ode load on the magnitude of signal which may be ap- 
plied to the input circuit. 

Consider the case where the cathode load is a complex 
impedance. Then the input and output voltages have a 
phase angle «æ as discussed before, and it is found that 
the grid-to-cathode voltage, which is the vector differ- 
ence between the input and output voltages, must of 
necessity become comparable to those voltages when « 
assumes moderate values. The magnitude of this effect 
depends on the value of the gain [A | as well as the angle 
a, being greatest when | A| is large. It is easily evalu- 
ated by setting the the output voltage equal to the in- 
put voltage times the complex gain. Thus 


eo = E,A/a. (25) 
The grid-cathode voltage e, is given by 
à = E, — & = E,(1— A/a). (26) 
Dividing (26) by (25) gives 
pcan (27) 


Equation (27) is plotted in Fig. 14 for various values of 
o. Inspection of Fig. 14 shows that for moderate gains 
of the order of 0.8, the grid-to-cathode voltage becomes 
equal to the output voltage at a=45° so that the signal 
which may be handled under class A conditions is quite 
limited. The ratio of grid-to-cathode voltage to input 
(grid-to-ground) voltage is found by dividing the above 
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Fig. 14—Ratio of ¢./e. for various values of complex gain factor A/a. 
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. . . * 
Noise from Current-Carrying Resistors 20 to 500 Ke 


R. H. CAMPBELL, JR.f, STUDENT MEMBER, IRE, AND R. A. CHIPMANT, SENIOR MEMBER, IRE 


Summary—Measurements have been made of the effect, first 
studied by Bernamont that when a direct current is flowing through 
certain types of resistors, the noise voltage generated at their 
terminals is considerably in excess of the thermal value. The effect 
has been investigated for solid carbon-composition, ‘metallized,” 
palladium film, and ‘‘cracked-carbon” resistors, for resistance values 
from 1,000 to 30,000 Q, currents from 1 to 10 milliamperes, and at 
frequencies between 20 and 500 kc. 

For some individual resistors, especially of the solid carbon- 
composition type, the noise voltage measured at any frequency in 
the range stated (with direct current flowing) showed much larger 
fluctuations than those characteristic of thermal noise, with a de- 
tecting system having a response up to a few cps. The fluctuations 
frequently reached peak amplitudes of several times the mean 
level of the noise. Several records of the fluctuations, taken on a 
recording meter, are shown. The fluctuations were particularly large 
when the current was first applied to any resistor, while its resistance 
changed to a stable value at a higher temperature, suggesting an 
analogy to the Barkhausen effect in the magnetization of ferromag- 
netics. No simple correlation of the occurrence of the fluctuations 
with other factors has been found. 


I. INTROPUCTION 


erated by certain types of resistors when a steady 
current flows through them was first observed in 
detail by Bernamont in 1934,'-! although a brief refer- 
ence to what was probably the same phenomenon was 
given by Hull and Williams in 1925,5 and a similar effect 
for a mixture of granular carbon particles was mentioned 
by Kawamoto in 19195 and by Frederick in 1931.7 
Bernamont found the spectral density of this extra 
noise to be often many times that of thermal noise for 
the same resistor, and to show a marked decrease with 
increase of frequency. Since Bernamont, many investi- 
gations, both theoretical and experimental, have been 


To NOISE in excess of thermal noise is gen- 


* Decimalclassification: R138.6 X R383.1. Original manuscript re- 
ceived by the Institute, September 16, 1948; revised manuscript re- 
ceived, December 1, 1948. 

[ Formerly, Radio Research Laboratory, McGill University, 
Montreal, Que.; now, Minshall-Estey Organ Co., Brattleboro, Vt. 

1 McGill University, Montreal, Que. 

! J. Bernamont, “Resistance fluctuations in thin metal films,” 
Compt. Rend. (Paris), vol. 198, pp. 1755-1758; May 14, 1934. 

? J. Bernamont, “Experimental study of resistance fluctuations in 
thin metal films," Compt. Rend. (Paris), vol. 198, pp. 2144-2116; 
June 18, 1934. 

* J. Bernamont, “Potential fluctuations at the terminals of a me- 
tallic conductor of small volume through which a current is passing, " 
Ann. de Phys., ser. XI, vol. 7, pp. 71-140; January, 1937. 

‘J. Bernamont, “Fluctuations in the resistance of thin films," 
I Phys. Soc. (London), vol. 49, pp. 138-139; extra part, August, 
1937. 

s A. W. Hull, and N. H. Williams, “Determination of elementary 
charge E from measurements of shot-effect," Phys. Rev., vol. 25, pp. 
147-173; February, 1925; p. 173. 

* T. S. Kawamoto, Unpublished report, Engineering Division, 
Western Electric Co., April, 1919; sce reference 12. 

1H. A, Frederick, “Development of the microphone,” Bell Tel. 
Quar., vol. 10, pp. 164-188; July, 1931. 


made of this type of noise.97? The experimental results 
have commonly shown that the spectral density of this 
noise is proportional to some power of the current close 
to 2 (values from 1.5 to 2.7 are reported) and for fre- 
quencies below about 10 kc varies inversely as the first 
power of the frequency. At higher frequencies, the 
spectral density decreases more rapidly. 

No name has so far been attached to this additional 
component of noise from current-carrying resistors. We 
will refer to it as current noise throughout this paper. 

This paper presents more comprehensive data than 
has so far been reported on current noise from several 
types of solid carbon-composition and “metallized” 
(1.e., carbon-composition film) resistors in common use, 
showing variation with resistor type, resistance value, 
dc current, and frequency. Measurements have been 
made with one-half, 1-, and 2-watt resistors, having 
resistance values between 1,000 and 30,0002, carrying 
steady currents of 1 to 10 milliamperes, the noise output 
being measured at frequencies between 20 and 500 kc. 

There is also described in some detail another noise 
phenomenon, to which onlv one slight reference has pre- 
viously been reported;? à case of current-noise voltages 
whose fluctuations about their mean value far exceed 
the fluctuations characteristic of thermal or shot-effect 
noise, for the same mean value of noise and otherwise 
identical conditions of measurement. 


II. APPARATUS AND METHOD oF MEASUREMENT 


Fig. 1 shows a block diagram of the equipment used in 
the noise measurements. The resistor under test is 
mounted (closely shielded) in unit A, which contains 
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the necessary power supply, filters, chokes, etc., to al- 
low passing measured dc currents up to several milli- 
amperes through the resistor, while maintaining a 
suitably high shunt impedance across it at the fre- 
quency of measurement. The unit also contains a noise 
diode (British type CV172), with auxiliary circuits, 
which is used as a calibration-noise source. Its load is a 


noninductive wire-wound resistance. 
1 
[Em 
[L| 
! CHOPPER 


1 ETC. AND 
RECORDING 
METER 


—— —— ———————— 
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RESISTOR 


TAF. 
AMPLIFIER 
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CATHODE 

FOLLOWER 
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AMPLIFIER 
10 KC/SEC 
700 KC /SEC 


fzcrT£terIlme- 


Fig. 1—Schematic diagram of the apparatus used 
in the noise measurements. 


The noise output of unit 4 is amplified by unit B, 
which is a broad-band linear amplifier with cathode- 
follower output to unit C. The maximum gain of unit 
B is about 33 db over the frequency range 10 to 700 kc. 

Unit C is a modified low-frequency radio receiver 
type TE236B, built by RCA Victor Co., Ltd., Canada, 
for the Royal Navy. This tunes over the frequency 
range 15 to 600 kc. The 3 tuned amplifier stages result 
in an effective noise bandwidth that varies from about 
1 to 4 kc over the tuning range of the amplifier, having 
the lower value at the lowest frequency. The calibration 
method used in the measurements makes it unnecessary 
to know this bandwidth. 

The output of unit C goes to a cathode follower in 
unit D, the output of which is capacitively coupled to 
the heater of a vacuum thermocouple. The output of the 
thermocouple is filtered with a low-pass filter. For mean- 
square noise-voltage measurements, it is then connected 
directly to a galvanometer. To obtain a record of the 
fluctuations in the filtered thermocouple output, it is 
fed to unit E, where it is chopped at 60 cps by a “high- 
speed" relay. The chopped signal is amplified, rectified, 
filtered, and fed to a recording milliammeter of maxi- 
mum range 5 milliamperes. While the input to the 
thermocouple is at the frequency to which unit C is 

^. tuned, the highest frequency in its output voltage is 
limited by its thermal time constant, which is of the 
order of 0.1 seconds. The time constant of the recording 
meter is somewhat higher than this, but less than 0.5 
seconds. The filters used have low attenuation at fre- 
quencies below 10 cps. The result is a recording system 
whose response begins to fall off at a frequency of about 
1 cps and is small at frequencies above 10 cps. 


III. EXPERIMENTAL MEASUREMENTS 


1. Calibration Technique 
"^ 
For any test resistor in unit A, if the filtered output 


voltage of the thermocouple in unit D has only “normal” 
, fluctuations, this voltage is a quasi-linear function of the 
mean-square noise voltage at the input of the thermo- 
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couple, which noise voltage is made up of contributions 
from shot effect, flicker effect, thermal noise, and cur- 
rent noise. However, mean-square noise voltages from 
various sources are directly additive in producing the 
resultant mean-square noise voltage, provided the volt- 
age amplification of the apparatus involved is linear for 
the range of amplitudes covered. 

If, therefore, the test resistor terminals in unit 4 are 
shorted, the thermocouple output voltage will then be a 
measure of the noise generated in the amplifier itself, 
which noise will remain as a constant mean-square com- 
ponent when additional noise is added. When a test re- 
sistor is connected, the thermocouple output will in- 
crease because of the thermal noise contributed by the 
resistor. 

If now a small dc current is caused to flow through the 
test resistor, it is found in general (but not with wire- 
wound resistors), that the thermocouple output rises 
again, the increase in this case being due to a current- 
noise component. The amount of this current-noise con- 
tribution can be measured by connecting the diode noise 
generator in place of the test resistor and adjusting its 
plate current to give the same two thermocouple outputs 
that were recorded for the test resistor with and without 
the dc current flowing. From the well-known calculable 
noise properties of a saturated diode, the spectral den- 
sity of the current noise, expressed for example as mean- 
square volts per 1 cps noise bandwidth, can be found 
from the values of the diode plate current and the diode 
load resistor. The gain, frequency, and bandwidth of 
the intervening amplifiers are not involved in the cal- 
culation. 

This is the method of measurement and calibration 
that has been used throughout the present work. It 
means that values given for current-noise spectral den- 
sity for any resistor are for that component of noise 
alone. 


2. Mean-Square Current- Noise Voltages 


The current-noise output of a typical one-half watt 
“metallized” resistor having a dc resistance of 11,1002 
is shown in Fig. 2 as a function of current and frequency. 
At any frequency, the variation is as the square of the 
current, within experimental error. The variation with 
frequency at any current, however, does not follow a 
simple law over the frequency range of the measure- 
ments. At frequencies below 50 kc, the very limited data 
suggest that the noise spectral density varies as an in- 
verse power of the frequency somewhat less than unity. 
At higher frequencies, an inverse power of about 1.6 is 
indicated. 

It is evident that the frequency-variation law is inde- 
pendent of current, and that the current-variation law 
is independent of frequency. 

Frequency-variation data similar to that of Fig. 2 for 
6 different types of resistors of approximately equal dc 
resistance and all carrying the same value of constant 
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Fig. 2—Spectral density of current noise for a one-half watt “metal- 
lized” resistor, dc resistance 11,100 9, resistor A of Table I. (a) as 
a function of current at various constant frequencies; the full lines 
have a slope of 2; the broken line is the theoretical spectral density 
for thermal noise at room temperature. (b) as a function of fre- 
quency at various constant currents; the curves are of identical 
shape with vertical displacement; the negative slope at low fre- 
quencies is slightly less than 1, and at high frequencies is about 
1.6. 


dc current aregiven in Fig. 3, which shows that the physi- 
cal nature of a resistor determines very markedly the 
magnitude of its current-noise output. The frequencv- 


MEAN SQUARE NOISE VOLTS PER | CPS  BANOWIDTH 


20 $0 100 200 500 
FREQUENCY - AC/SEC 
Fig. 3—Spectral density of current noise for 6 different types of re- 
sistor (see Table I below) as a function of frequency. The current 
in each case is constant at 5 milliamperes. The range of dc resist- 
ance is from 9,800 to 11,100 2. 


TABLE I 
. DC Wattage ~ 
Resistor Resistance Q Rating Type 
A 11,000 n “metallized” 
B 11,000 1 “metallized” 
C 10,300 2 “metallized” 
D 9,800 } carbon composition 
(Ohmite Little Devil) 
E 10,300 1 “cracked carbon” 
F 10,200 1 palladium film 
G 11,400 j carbon composition 


variation law, however, is apparently identical for the 


different resistors. 

Measurements on a large number of each of 3 types 
of resistors, and covering a range of resistance values, 
are plotted in Fig. 4. The frequency and the dc current 
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Fig. 4—Spectral density of current noise for 79 resistors of 3 types, us 
a function of de resistance value. The current is 5 milliamperes 
and the frequency of measurement 150 ke in every case. (a) the 
open circles are for 1 watt “metallized” resistors (including re- 
sistor B of Table 1); the black circles are for one-half watt carbon- 
composition resistors (including resistor D of Table I). (b) one- 
half watt “metallized” resistors (including resistor A of Table I) 
The full lines have a slope of 2. The broken lines show the corre- 
sponding theoretical thermal noise level and have a slope of 1. 


are constant throughout. This shows that apparently 
identical resistors (see the points for 20 1-watt “metal- 
lized” resistors having dc resistances between 11,000 and 
12,0009) have current-noise outputs varying by a factor 
of 20. It is, therefore, not possible to infer with anv ac- 
curacy a resistance-variation law for current noise. The 
full lines shown correspond to a square law of variation, 
which does appear to fit the data at least better than a 
line corresponding to a first-power law, which would be 
parallel to the dotted thermal-noise line. 


3. Fluctuations in Current- Noise Voltages 


While making the current-noise measurements de- 
scribed in the last section, it was found that, for some 
resistors and currents, the galvanometer indicating the 'N 
thermocouple output fluctuated wildlv. This was in 
marked contrast to its fluctuations when the noise input 
to the amplifier was either thermal noise or diode shot- 
effect noise, in which cases its peak fluctuations did not 
exceed about 5 per cent of its mean reading, a figure | 
which is in reasonable quantitative agreement with the | 
theoretical conclusions of Rice!* who has calculated | 
what the ratio of standard deviation to mean value | 
should be for random noise energv, as a function of 
bandwidth and averaging time for any detector. While 
his calculations are for noise with a spectral density in- | 


is ; ee : 
S. O. Rice, *Filtered thermal noise—fluctuation of energy.as a 


function of interval length,” J : ^ 
eq E Tone gth,” Jour. Acous. Soc. Amer., vol. 14, pp. 
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dependent of frequency, the variation of spectral density 
of current noise over the bandwidths used in the present 
work is sufficiently small that his conclusions should 
apply. 

Unit E of the apparatus, described in section II, was 
designed to permit comparison of these low-frequency 
fluctuations in the current-noise output of different re- 
sistors, by making graphical records of the thermocouple 
output voltage as a function of time. 

Fig. 5 shows portions of typical records of these fluc- 
tuations, 


Fig. 5—A, B, C, and D are 35-minute sections of a continuous 16- 
hour record of fluctuating current noise from a one-half watt 
carbon-composition resistor (resistor G of Table I). The time scale 
is from right to left. The current is constant at 5 milliamperes and 
the frequency of measurement 150 kc throughout. The amplifier 
gain is the same for all four traces, and for trace E. 

Trace A—the initial 35 minutes of record after connecting the re- 
sistor; 
Trace B—a section showing very low fluctuation; 
Trace C—a section showing average fluctuation; about one half 
the 16-hour record was similar to this; 
Trace D—a section showing large fluctuations; 4 or 5 sections of 
this type occurred during the 16-hour record. 
Trace E is for comparison and shows nonfluctuating current 
4 noise from resistor A of Table I. The vertical scale of the charts, 
while not linear, is indicated roughly by the location of trace E, 
which from Fig. 2 corresponds to a noise spectral density of 
8X 107!5 mean-square volts per 1 cps bandwidth. 


Trace E is a representative section from a continuous 
8-hour record of the noise output (mainly current noise) 
from a one-half watt “metallized” resistor of dc resist- 
ance 11,1002 (resistor A of Figs. 2 and 3 and Table I), 
carrying a current of 5 milliamperes. The measurement 
frequency was 150 kc. The fluctuations in this record 
are of the same magnitude as occur in records of shot- 
effect noise or thermal noise having the same mean level. 

™They may, therefore, be regarded as “normal” fluctua- 
tions. 

Traces A, B, C, and D are sections from a single con- 
tinuous 16-hour record of the noise output from a one- 
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half watt solid carbon-composition resistor, dc resistance 
11,400Q (resistor G of Table I). The amplifier gain, the 
dc current, and the measurement frequency are the same 
as for trace E. 


= SS SS SS SS SS SS SS SS SS 
=== SS SS > Ss 
= SSS 


Fig. 6—Fluctuations of current noise as a function of current. The 
traces at the left are for resistor A of Table I, those at the right 
for resistor G. The frequency is 150 kc. 


Fig. 6 shows records, each of a few minutes duration, 
of the noise from the same two resistors for various val- 
ues of dc current. All the conditions for the 5-milliam- 
pere record from resistor G are the same (except amplifier 
gain) as in Fig. 5. The fluctuations in Fig. 6 appear by 
comparison to be below average for this particular re- 
sistor. 

A large number of traces taken with these and other 
resistors and at frequencies from 20 to 500 kc, all other 
factors remaining constant, show no change in the na- 
ture of the fluctuation phenomenon with amplifier fre- 
quency for any one resistor. Quantitative data have not 
been obtained, nor has it been possible to determine 
whether or not the abnormal fluctuations are simul- 
taneous at different frequencies. 


IV. RELATION OF EXPERIMENTAL RESULTS TO 
PREVIOUSLY PUBLISHED WORK 


Attempts to develop theoretical expressions for the 
spectral density of current noise as a function of current 
and frequency have most commonly arrived at an equa- 
tion of the form 


1 


ACh) =cbons lan tlt ——— 
1 + w?r? 
where A is the spectral density (for example in mean- 
square volts per unit bandwidth) at frequency f with 
current J flowing, w is 2f and r is some characteristic 
time of the postulated noise mechanism. Various physi- 
cal significances have been attached to 7, such as the 
free life of the conduction electrons between release and 
capture," a time constant of fluctuations in the total 
number of current carriers,* and the time of influence 
of stray atoms on boundary layers.'® 

If 7 is single valued, this form of equation implies a 
spectral density independent of frequency at low fre- 
quencies, and having an inverse square variation at high 
frequencies. Some small intermediate range of fre- 
quencies would show an inverse first-power relationship. 
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Experimentally, no one seems ever to have observed 
low-frequency spectral density variation at any inverse 
power of the frequency appreciably different from unity, 
even at frequencies as low as 0.3 cps.!* The present 
work does not include data at sufficiently low fre- 
quencies for comparison with these results, but is in 
agreement with the original observations of Bernamont? 
at frequencies above 25 kc in finding current-noise spec- 
tral density to vary as an inverse power of the frequency 
greater than 1 and approaching 2. None of the other 
papers listed shows data for this frequency range. 

A formula of the type mentioned does not fit the re- 
sults of the present work as given in Figs. 2 and 3 if ris 
assumed to be single valued. It is obvious that for some 
distribution of values of 7 such an equation could be 
made to fit any curve of this general shape. 

The theories of current noise which have specifically 
included resistance value as a variable have predicted 
variation of mean-square noise voltage as the square of 
the resistance value.!* The results shown in Fig. 4 are 
not incompatible with this. 

The fluctuating current noise described in section III, 
(3) above seems not to have been described previously 
except for 2 passing comments in Bernamont's major 
publication? about experimental situations where his 
galvanometer deflections showed *mean-square fluctua- 
tions as much as 5 per cent of the mean deflection.” 


V. CONCLUSIONS 


The results given in Figs. 3 to 6, and a great deal of 
additional data, lead to the following conclusions as to 
the relative merits of different types of resistors with re- 
spect to mean-square current noise and abnormally 
fluctuating current noise: 

(a) The single palladium-film resistor available 
showed considerably less current noise than any other 
single resistor of comparable resistance value tested, ex- 
cept noninductive wire-wound units. 

(b) For the same dc resistance, power rating, and 
conditions cf measurement, the best solid carbon-com- 
position resistors showed markedly less current noise 
than the best “metallized” resistors; on the other hand, 
many makes of solid carbon-composition resistors 
showed more noise than the noisiest equivalent *metal- 
lized” units. 

(c) For equal power dissipation and similar measure- 
ment conditions, resistors of a given make having low 
power rating generally showed more current noise than 
those with a higher power rating; resistors A, B, and C 
in Fig. 3 are all the “metallized” type, made by 1 manu- 
facturer, and all are dissipating the same amount of 
power (within 10 per cent), but have respectively power 
ratings of one-half, 1, and 2 watts. Whether this is a 
temperature phenomenon or a volume effect (as sug- 
gested by Brillouin® for thin metal films) has not been 
determined. 

(d) Without exception, all records of current noise 
from solid carbon-composition resistors have shown ab- 
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normal fluctuations. About half the “metallized” re- 
sistors tested have shown only normal fluctuations, com- 
parable to those characteristic of thermal and shot- 
effect noise. Many solid carbon-composition resistors 
have shown fluctuations much greater than the greatest 
obtained from * metallized” resistors. 

(e) A high mean level of current noiseis not necessar- 
ily accompanied by fluctuations. Trace E of Fig. 5, for 
example, shows much greater mean level of current noise 
than the other 4 traces, but much less fluctuation. Fig. 
6 shows, as might be expected, that for any one resistor, 
the amplitude of the fluctuations in the current noise 
does increase as the mean noise level increases (resistor 
G of Table I). Traces of current noise without abnormal 
fluctuations (resistor 4 of Table I) are shown for com- 
parison. Rough calculations suggest that the amplitude 
of the fluctuations increases as about the fourth power 
of the dc current carried by the resistor. 

It can be said that, in general, large fluctuations oc- 
cur only when the mean level of the current noise is 
high, but that there are frequent exceptions, especially 
with solid carbon-composition resistors. 

In cases where the current noise is less than the 
thermal noise, as for resistor F in Fig. 3, the normal 
fluctuations of the thermal noise conceal any abnormal 
current-noise fluctuations that might exist. 

Trace A of Fig. 5 shows a frequently observed phe- 
nomenon that is probably significant. In many records, 
the fluctuations observed during the first few minutes 
after connecting a resistor were much greater than in 
the rest of the record. This suggests that while the re- 
sistance is changing to its final equilibrium value at a 
temperature above room temperature, the change may 
occur in discontinuous steps, each step producing a 
pulse of noise voltage because of the current flowing and 
the nature of the coupling circuits. An analogy with the 
Barkhausen effect in the magnetization of iron is sug- 
gested. The magnitude of the fluctuations observed 
must mean internal rearrangements in the resistor ma- 
terial involving units of a very large number of atoms. 

In conclusion, it is suggested that, in many practical 
situations, the selection of a resistor for either low mean 
current-noise level, or for low amplitude of current- 
noise fluctuations, may lead to improved operating con- 
ditions. It seems likely that current noise may often be 
the major component of the total noise in such equip- 
ment as broad-band amplifiers at audio and low radio 
frequencies when carbon-composition type resistors are 
used in coupling circuits. 
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An Analysis of the Sensing Method of Automatic 
Frequency Control for Microwave Oscillators" 
EUGENE F. GRANTH, ASSOCIATE, IRE 


Summary—An analysis is made of the type of automatic-fre- 
yuency-control circuit that uses a simple cavity resonator for the 
stable element and either frequency modulation of the controlled 
»scillator or modulation of the cavity resonance frequency to obtain 
affective discriminator curves which give a null output for a fre- 
juency equal to the average cavity resonance frequency. An analysis 
s made of the complete automatic-frequency-control loop gain, in- 
sluding the transmission through the cavity as a function of the 
various parameters and the frequency-modulation swing. A discus- 
sion is presented of the best method of decreasing the pulling of the 
»scillator frequency by the cavity, and the pulling of the cavity fre- 
juency by a load which has a variable susceptance. 


GLOSSARY 


Ai; =the power attenuation between the oscil- 
e lator and the cavity. 
A; 7 The power attenuation between the cavity 
and the detector 
a, b, c, d 2 the constants characterizing the general 
four-terminal network 
V, n) =the fourier component coefficient of the 
frequency modulation present in the de- 
tected output 
6 — per unit frequency change 
D(W, V, n) =the second fourier component coefficient 
of the frequency-modulation frequency 
present in the detected output 
E.(t) =the detected output voltage as a function 
of time 
Ea =the fundamental component of the sensing 
frequency in E,(t) 
E.a=the second-harmonic component of the 
sensing frequency in E.(t) 
F,=the voltage across the input terminals of 
a four-terminal network 
F,=the voltage across the output terminals 
of four-terminal network 
f the instantaneous frequency of the oscil- 
lator 
fo the resonant frequency of the cavity 
AF =the total frequency modulation or cavity 
resonant frequency swing 
Af=the center frequency deviation of the 
oscillator from fo 
fm=the frequency-modulation sensing fre- 
quency 
G =the loop-gain, measured by breaking the 
loop at any point 
n. 


* Decimal classification: R355.6XR119,39. Original manuscript 
received by the Institute, November 17, 1947; revised manuscript re- 
ceived August 19, 1948. 

f Electronic Research Laboratories, Air Matériel Command, 
Cambridge 39, Mass. 


G, — the ratio of the output of the phase dis- 
criminator to the input of the amplifier 
G, — the ratio of the frequency deviation of the 
oscillator to the control-element displace- 
ment. (This may be either a voltage or a 
mechanical displacement depending on 
the control method used.) 
I, =the current flowing into a four-terminal 
network 
I; =the current flowing out of a four-terminal 
network 
K, — detector constant; E,(f)=K,P."? 
n=the detector-law exponent; n is equal to 
unity for a linear detector, and to 2 for a 
square-law detector f 
Pose =the power output of the oscillator 
P.=power incident on crystal detector 
Q, =the input Q of the cavity 
Q: =the output Q of the cavity 
Qo=the unloaded Q of the cavity 
Q,=the loaded Q of the cavity 
Qose =the loaded Q of the oscillator 


àC(0, Ve n) ac(W, V, p) i 
aw aw 


V=0 


T =power relative to incident power trans- 
mitted through a cavity 

0 — 2h nt 

V =Q:AF/fo, which is the frequency-modulat- 
ing swing in terms of the cavity 3-db 
bandwidth 

W =20,Af/fo, which is the frequency devia- 
tion in terms of one-half the cavity 3-db 
bandwidth : 

Yin Yout=admittance relative to the admittance of 

matched load. 


INTRODUCTION 


HERE ARE several methods of accomplishing 
"| astomace frequency control of oscillators operat- 
ing in the microwave region. The five methods 
which are commonly used at present are: 
1. The Pound dc discriminator.!? 
2. The Pound ac discriminator.?? 


1 R. V. Pound, “Frequency stabilization of microwave oscillators,” 
Proc. I.R.E., vol. 35, pp. 1405-1415; December, 1947. 

2 C. G. Montgomery, “Technique of Microwave Measurements, 
Radiation Laboratory Series No. 11," McGraw-Hill Book Co., Inc., 
New York, N. Y., 1947. 

3 W. G. Tuller, W. C. Galloway, and F. P. Zaffarano, “Recent de- 
velopments ín frequency stabilization of microwave oscillators,” 
Proc. I.R.E., vol. 36, pp. 794-800; June, 1948. 
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3. The use of absorption lines.‘ 

4. The method of frequency modulation. 

5. The method of resonant-circuit sensing.* 

Some of the design details of the methods (4) and (5) 
are to be discussed in this paper. As in all control sys- 
tems, the general method of operation is as follows: The 
frequency of the oscillator is compared with that of the 
stable element (in this case a resonant circuit or a cavity 
resonator), with the result that a voltage (or a displace- 
ment) proportional to the amount of deviation is pro- 
duced. This voltage is then applied to a frequency-con- 
trolling element on the oscillator in such a direction as 
to return the oscillator frequency to the frequency of the 
stable element. In the microwave region, a transmission 
cavity can be made to have the property that the power 
transmission is a maximum at a particular frequency, 
but decreases very rapidly as the frequency is deviated 
from that of maximum transmission. Such cavities can 
be made to have very high Q's and a relatively stable 
resonant frequency. A cavity cannot be used directly 
as the stable element, since the transmission is an even 
function of the frequency deviation from resonance. 
Therefore, no information can be obtained from the 
output, whether the deviation is plus or minus. One 
method of realizing a voltage which shall be pasitive or 
negative dependent upon the direction of the deviation 
of the oscillator frequency is to apply a small a mount of 
frequency modulation to the oscillator frequency. It 
will be observed in Fig. 3 that the output of the cavity 
will be amplitude modulated by an amount which is 
dependent upon the relative amount of frequency 
modulation and the average oscillator frequency. In 
particular, it will be observed that the phase of the re- 
sulting amplitude modulation reverses with respect to 
the phase of the frequency. modulation when the oscil- 
lator frequency passes from above the cavity resonance 
frequency to below it. This fact is made use of by pro- 
viding an amplitude-modulation detector (usually a 
silicon crystal detector for the microwave region) at the 
output of the cavity, and a suitable amplifier to operate 
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Fig. 1—Schematic of the frequency-modulating method 
of automatic frequency control. 


* W. V. Smith, Jose L. Garcia de Quevedo, R. L. Carter, and 
W. S. Bennet, "Frequency stabilization of oscillators by spectrum 
lines," Jour. Appl. Phys., vol. 18, p. 112; January, 1947. 

5 G. G. Gerlach, “A microwave relay communications system,” 
RCA Rev., vol. 7, pp. 560-600; December, 1946. 
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a phase detector. The output of the phase detector is 
then not only proportional to the magnitude of the) 
deviation of the average oscillator frequency from the 
resonant. frequency of the cavity, but agrees with the 


algebraic sign of the deviation. Fig. 1 is a complete || 


schematic of such a system of control. The sensing fre- 
quency is defined as the rate of the frequency modula- 
tion on the oscillator. 

From the point of view of the over-all system be- 
havior, it makes little difference whether the oscillator 
is frequency- modulated or the reasonance frequency of 
the cavity is caused to vary about a mean frequency at 
the sensing frequency rate. The operation is essentially 
the same. This is the method of resonant-circuit sensing. 
See the schematic of this system in Fig. 2. Some over-all 
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Fig. 2—Schematic of the resonant-circuit sensing method 
of automatic frequency control. 


design considerations will dictate which method is pref- 
erable. There are several methods available for causing 
the resonant frequency of a resonator or cavity to vary. 
(Since, in general, this paper will be concerned with a 
microwave system where cavities are generally employed 
as the resonant system, the word cavity will be used to 
indicate a resonator. However, the arguments and the 
analvsis may be generally applicable to a system which 
operates at a frequency where lumped components may 
be used.) 

1. The cavity may be equipped with a diaphragm or 
à plate which is displaced harmonically at the sensing 
frequency, causing a variation of a suitable dimension 
of the cavity. 

2. The cavity could be constructed in such a manner 
that it could be resonant mechanically to the sensing 
frequency and driven in a suitable marnner; a convenient 
means would be a piezoelectric crystal, a magnetostric- 
tion bar, or even an electromechanical drive. The 
changing dimensions would effect a periodic change in 
the resonant frequency of the cavity. 

3. A variable reactance could be coupled to the 
cavity. A nonlinear element, such as a silicon or ger- 
manium crystal, may be used if placed in a suitable 
network. 

In order to simplify the ensuing discussion and argu- 
ments, only the method of frequency modulation will 
be discussed. However, from the standpoint of analysis, 


e—a 
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the systems are practically identical. It is only a ques- 
tion of the reference for the time scale. Hence, to apply 
this discussion to a resonant circuit sensing system, it 
is only necessary to realize that the frequency swing of 
the cavity from its resonant point is identical to the 
frequency-modulation swing of the oscillator. 
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Fig, 3—Cavity characteristics. 


Fundamental to the design of a system which uses a 
cavity in this manner for the stable element, is the rela- 
tionship between the frequency-modulation swing and 
the sensitivity of the output of the phase detector in 
terms of the various circuit parameters. An important 
element of the system is the amplitude-modulation de- 
tector. Usually, this detector will be a crystal rectifier, 
which has a law relating the input amplitude to the 
output amplitude not easily described. However, for 
low-level operation the behavior will approach a squarc- 
law relationship, and for high-level operation, the be- 
havior will approach a linear relationship. The analysis 
is carried out for the square-law detector and the linear- 
law detector. For the case where the operation is not 
described by either of these two laws, a heuristic ap- 
proximation will have to be made on the basis of experi- 
ence and the analyzed cases. It is more convenient to 

, discuss the behavior of a cavity in terms of its Q's and 
"resonant frequency fe than in terms of itsequivalent 
lumped-constant parameters. The Q's and fo are more 
adapted to direct measurement in the physical system. 

An automatic frequency-control system using the 
method of frequency modulation was developed by the 
author for use as the beacon-frequency automatic-fre- 
queney-control system for the AN/APS-6 airborne 
radar. 


GENERAL 


The various parameters of the control-system design 
"will be taken up in term. It is assumed that the fre- 
quency at which the system is to operate has been de- 
cided. It remains, then, to decide the various other 
cavity parameters, the loop gain of the system, and the 
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padding that must be inserted at various locations. A 
cavity must be chosen which has a resonant frequency 
of the desired stability. The normal frequency drift of 
the oscillator is ascertained to determine the amount of 
loop gain necessary to control it within the necessary 
limits. Since the system is a normal negative feedback 
system, the frequency drift of the controlled oscillator, 
relative to the resonant frequency of the cavity, is equal 
to the frequency drift of the oscillator uncontrolled di- 
vided by one plus the loop gain. As will be seen later, 
the loop gain may be increased by increasing the un- 
loaded Q of the chosen cavity, other factors remaining 
the same. The unloaded Q of a copper cavity is a func- 
tion of the resonant frequency chosen and of its physical 
size. That is, a large E-mode cavity will have a much 
higher unloaded Q than a small re-entrant 7/-mode 
cavity for the same frequency. The physical size of the 
equipment may be a deciding factor in the unloaded Q 
obtainable. For economy in the design of a control 
system, each component should be used to its full 
capability. The loop gain of the automatic-frequency- 
control circuit is controlled to a very large extent by the 
cavity parameters, and it would be wise to adjust those 
parameters such that the effective gain is the maximum 
obtainable commensurate with the other factors which 
must be considered. 

The analysis of the loop gain in a frequency-control 
system with frequency modulation will be based upon 
three assumptions. 

1. The sensing frequency and the frequency modula- 
tion swing is sufficiently low that the cavity may be 
considered to be in steady state for each instantaneous 
frequency. This will be true if the sensing frequency is 
small compared to the 3-db bandwidth of the cavity 
and if the maximum rate of change of the instantaneous 
frequency is less than the square of the 3-db bandwidth 
of the cavity. (The bandwidth must be expressed in 
cycles per second.)? 

2. The relationship between the envelope amplitude 
applied to the detector and the output voltage can be 
represented by either a square-law relationship or a 
linear relationship. 

3. The phase discriminator output is linearly related 
to the amplitude of the fundamental component of the 
detector output. 


ANALYSIS OF EFFECTIVE GAIN ‘THROUGH THE CAVITY 


The cynosure for the analysis is the cavity behavior. 
It is convenient to treat the high-frequency energy in 
terms of the incident power rather than in terms of its 
voltage. The reason for this is that the incident power is 
a relatively easy quantity to measure. Further, for work 


* T. Moreno (editor), "Microwave Design Transmission Data," 
Sperry Gyroscope Co., Manhattan Bridge Plaza, Brooklyn 1, N. Y., 
1944; chap. X. 

? Balth van der Pol, “The fundamentals of frequency modula- 
tion," Jour. TEE (London), vol. 93, pp. 153-158; May, 1946. 
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of this kind, it is not necessary to know absolute im- 
pedance or admittance values, but only the relative 
values in the circuit. The Q's of the cavity are de- 
fined or measured under the same conditions that it will 
have in the operating system. Some methods of measur- 
ing the various Q's of a cavity have been described: 


Pl il 2 


0:02 


Ea = kao] 


It can be shown the instantaneous power transmitted 
through a cavity for a unit incident power is (see Ap- 
pendix I) 

l 401? 1 

T =—_. ——— x (1) 

QiQ: 201 — fo)? 
14 - 
fo 


The instantaneous frequency of the oscillator may be 
expressed in terms of the sensing frequency fm, the total 
frequency swing AF, and the deviation of the center fre- 


quency from the cavity resonant frequency and time. 
It is seen that 


AF 
f=fot+Af+— 


; sin 2mf ,. (2) 


J 

Since the high frequency is most easily described in 
terms of incident power, it is convenient to express the 
detector law in terms of the relationship between its 
incident power and the voltage output. Since it is 
expressed this way, it is very easy to obtain the cocffi- 
cient in the expression for the limiting cases experi- 
mentally. Let the power from the cavity be fed through 
an attenuator to the crystal detector, which then will he 
considered to have an instantaneous output voltage re- 
lated to the input power as follows: 


E(t) = K, P”! (3) 


The combination of the previous expression and the 
effect of an attenuator between the cavity and the 
crystal detector and the effect of the decoupling bet ween 
the oscillator and the cavity results in 


Peel =)" 


0:02 
Q,AF 


[4( cal + Oe an deja!) | (4) 


The above expression can be much simplified by the use 
of some dimensionless constants. Substituting IV, V, and 
0 for the expressions 2QLåf/fo, Ox AF/fo, and 2mf,, re- 
spectively, results in the following: 


Et) = key 


E Q) = K (20 IE | Pc 14 din 
i : j Q1Q: 
‘fi + GF + V sin 9)? ]-n/2, 6) 


* W. Altar, “Q-circles—a means of analysis of resonant microwave 
systems,” Proc. I.R.E., vol. 35, pp. 355-361; April, 1947. 
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By Fourier’s theorem, the fundamental component of | 
the sensing frequency in the detected output is 


1 Ld 
Ea = — f E(t) sin 046. (6) 
T. —r 


Combining (5) and (6), it follows that 


TES T r e 
] =f [1 + OV + V sin 6)?]-^?? sin 640. (7) 
T —x 


T : ; 
C(W, V, n) = -f [1 4- (We+ V sin 6)?|-"/2 sin 640. (8) 
T —x. 


COV, V, 1) and C(I’, V, 2) are evaluated in Appendix 
II. Figs. 4 and 5 show the plots of these functions with 


94 


oy 


-C(w.v 1) 
| 
\ 
\ 
h 


92y 


| 
f 
o 
yá |= 
/ 
Á 
f 
Ji 
/ 
ft 


V i 
ve os? i =<. hn 
J p aed 
o 7 -+. — 4 XL — — — M 
; IL Rex recie 
F J ataid | —— 
I 7 msc —————. Ta 
M e BS pe es —3Àá 
" " 2 m 20 24 28 3 36 so 
w 


Fig. 4—Effective discriminator curves for a cavity and linear de- 
tector, W being proportional to the oscillator frequency deviation, 
while —C(W, V, 1) is the relative amplitude of the detector 
output at the sensing frequency. 
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Fig. 5—Etfective discrimina 


l tor curves for a cavity and a square-law 
detector, W being proportional to the oscillator frequency, while 


—C(W, V, 2) is the relative amplitude of the detector output at 
the sensing frequency. 


various values of l'as a parameter, C(lV, V, n) is an 
odd function of W, so it is only necessary to plot the 
function for positive values of IV’, 

Since, in general, the operating point of the control 
system is near the IV origin, the function COV, V, n) 


may be approximated by the first term in its Taylor 
expansion 


— 9C(0, V, n) 


COW, V, n) 
oW 


W, pee (9) 


i 
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The response of the output to a frequency variation on 
the input is approximately linear, and the system 
may be treated as a linear system. The expression 
3C(0, V, n)/9W may be computed as a function of V. 
(See Appendix III.) These results are plotted in Fig. 6. 
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Fig. 6—Slope of the effective discriminator 
curves at resonance. 


These curves indicate that the function 9C(0, V, n)/3 W 
goes through a maximum as a function of V. For n 
equal to unity, the maximum occurs at V equal to 0.88, 
and for n equal to 2 the maximum occurs at V equal to 
0.707. This indicates that in the system under design, 
the amount of frequency modulation of the oscillator 
(or the amount of frequency swing of the resonator) 
can be adjusted to provide a maximum gain through 
the cavity system. 

'The relationship between a small frequency deviation 
in the frequency of the power incident on the cavity and 
the fundamental component of the sensing frequency 
can now be completely stated and interpreted. From 
(7), (8), and (9), by substitution 


caa AA E qs 
QQ: ow 
but 
W = 2014f/fo 
“hence 
Y aal Powel Az F"? 9C(0, V, n) Af 
HI) To a ee SH. 


It has been pointed out in a preceding paragraph that 
&C(0, V, n)/5W may be maximized by the proper choice 
of V for the detector law in effect. In addition, the ex- 
pression for Ea may also be maximized with the proper 
choice of Q relationships. As was pointed out in general 
section, the unloaded Q is usually determined by the 

ether physical factors in the system; so it remains to dis- 
cover if there is a proper choice of the ratios of the win- 
dow or loaded Q such that the ratio of Ea to Af is a maxi- 
mum. Differentiating the expression 
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Qu" 
(Q9)? 


partially with respect to Qı and Qs, equating to zero, and 
solving, it is seen that for maximum Ea as a function of 


Qı and Qs, 


(12) 


or eee gus for n —1, (13) 
Qo = 201 

and 
Qı = Q: ri Qo Ex 

or Oo = 302 f for n= 2, (14) 


While it is very interesting that such a maximum oc- 
curs, it frequently happens in the design of a system that 
is not desirable to take advantage of it for reasons to be 
considered. 


DISCUSSION OF OSCILLATOR STABILITY AND FREQUENCY 
PULLING 


In coupling resonant cavities to microwave oscillators 
a certain amount of care must be exercised to prevent 
two undesirable effects: 

1. If the cavity is coupled too strongly to the oscilla- 
tor, the system may exhibit frequency discontinuities or 
jumps and refuse to oscillate at the cavity resonance fre- 
quency. 

2. If the system is the type that uses the cavity- 
resonance frequency sensing, the varying susceptance 
presented to the oscillator through the coupling may 
cause a slight frequency and/or amplitude modulation 
of the oscillator at the sensing rate. 

An excellent discussion of the first point appears in 
the literature? Ford and Korman derived a formula 
which relates the frequency pulling of an oscillator to 
the change in load susceptance 


(susceptance relative to matched admittance) (15) 
20 6 


The load susceptance must, of course, be referred to the 
oscillator terminals. In the case of a microwave oscilla- 
tor, the terminals may be defined as the point in the 
transmission system where the frequency of the oscilla- 
tor is independent of the load conductance. The sus- 
ceptance at the cavity terminals may be calculated from 
the formula (see Appendix I): 

Qi Qv, , 20,4f 

Fin = — Yon + pg j 

Q: Qo fo 
It is observed that there is a pure susceptance change 
with frequency (cither resonance or applied), but with 
a reflection through a transmission system, this sus- 
ceptance variation with frequency may manifest itself 
as conductance variation as well as a susceptance varia- 
tion at the oscillator terminals. As may be seen with the 


ôa = 


(16) 


? J. R. Ford and N. I. Korman, "Stability and frequency pulling 
of loaded unstabilized oscillators,” Proc. I.R.E., vol. 34, pp. 794- 
799; October, 1946. 
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adol a Smith chart,!? the proper length of transmission 
hne may favor vithe conductance variation or a sus 
ceptance variation, If the system under consideration 
uses a frequency varied resonator, the reflected suscepit 
ance variation will cause a frequency modulation of the 
oscillator, but the reflected conductance variation wall 
cause an amplitude modulation of the oscillator at the 
sensing frequency and possibly at its harmonics, Anen 
gineering decision will have to be made as to the amount 
of these modulations that can be tolerated if this system 
is to be satisfactory, In the event that the coupling to 
the cavity must be reduced to bring these etlects toa 
tolerable minimum, it may be necessary to sacrifice loop 
gain by thé insertion of attenuation or other means to 
achieve the desired coupling. This point will be consid 
ered again in the discussion of the loop-gain equation. 
In a similar manner to the pulling of the oscillator fre 
quenes by a susceptance presented to its terminals, the 
center frequency of the cavity may be pulled by a sus 
ceptance connected to its termin ds. (This is one method 
of varying the resonance frequency.) Since, however, the 
cavity is to be used as the stable element of the control 
system, its frequency pulling must be considered, for 
many of the crystal detectors for microwaves have vers 
broad tolerance on input. admittance. Equation (19) 
may be used to calculate the pulling of the cavity bva 
susceptance of the detector if Qui is replaced by Q. 


DERIVATION OF Loor-GyiN. LIMITATIONS 


V loop gain may be assigned to the complete loop as 
would be done in the case of an ordinary feedback am 
plifier. This is possible since Zea is linearly related to the 
oscillator frequency deviation (11). All that is necessary 
to determine the loop gain is to multiply all of the indi 
vidual gains together, including the various constants 
that relate the controlling sensitivity of the oscillator 
(This last quantity may be influenced by a frequency 
sensitive load upon the oscillator! ? 

Hence, from Fig. 1 and (11) it follows that 


G Poasdidzq 7 0C(0, V, n) 
m 00 2 i | GEMEINT G7) 
0 QQ: aw 


The following equation results tor the gain optimized 
with respect to the cavity O's and the amount of fre 
quency modulation, 


G 
G = (0.23) £ GS K C Pore) "Oo. 


0 


(18) 


The ratio of the frequency stabilities before and after 
the loop is closed can now be determined. The deviation 
in the oscillator frequency from the resonance frequency 
of the cavity after closing the loop is equal to the devia- 
tion before closing the loop divided by the quantity 


(1+6). 


' P, H, Smith, *A transmission line calculator,” Alectronics, vol. 
12, pp. 29-33; January, 1939, 
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In general, it may be stated that the rehition between 
a small output admittance variation and input admit 
tance variation is as follows fora matched coupling sys. 
ten 
Ae! E Ala ] | (19) 
Yu ya (Power attenuation) 


where $y, and Vou are the input and output adiit 
tances respectively. Plas expression apphes to the case 
where the cavity is decoupled tiom the oscillator output 
by means of a directional coupler or a “nagie tee" as 
well as by a conventional attenuator, bor proof of this 
expression, see Appendis V Tras seen, then, that thean 
put adiittance variation varies inversely with the power 
attenuation Tn deciding the adinittance variation asa 
function of frequency due to the cavity and its effect 
upon the oscillator, 1t is observed trou (19) that the ad 
nuttance at the input terminals of the cavity will bi 
very harge at resonance and antinite at frequencies far 
fiom resonance B liis i due to the fact that Vyas nearty 
units and the gatio of the input Qto the unloaded Q will 
be chosen to be greater than unity; Hence, when used 
the cavity will be placed an odd multiple of quarter 
wavelengths from the oscillator terminals Gf used in a 
series System, at will be placed an integral number of 


Dhaene 


lore, as seen at the oscillator terminals, a sinall s ariation 


halt-waveleugths from the oscillator terminals) 


of admittance will observed as the frequency is varied 
through the cavity resonance frequency. Phe magnitude 
of this variation as seen to vary inversely with the input 
termination Q, since the input admittance to à quarter 
wave section of transmissien line is the reciprocal of the 
output admittance (1n the series case, impedance is the 
reciprocal of admittance) Eherefore, trom the point of 
view of decreasing the oscillator pulling, is it better to 
mcrease the attenuation due to theu oupling between the 
cavity or to increase the input termination Q of the cav 
itv? Phe resonance frequency of the cavity is also sensi 
tive to admittance variation presented to its terminals 
and ordinary mismatches that occur in an operating 
system mas be responsible for some frequency variation; 
hence, trom that point of view the termination Q of the 
cavity should be as high as possible. In looking at (17), 
itis noticed that the loop Gain is influenced in one term 
by the ratio of attenuation to Qi, hence, this term is in 
dependent of the decoupling for à constant amount of 
pulling on the oscillator, However, since the gain is pro 
portional to a power of Qj, and Q; varies in the same di- 
rection as Q; there is benefit to be reaped by increasing 
Qi over that of im reasing the attenuation. These same 
arguments will apply to the decoupling of the cavity 
from the admittance variations of the crystal detector 
Which might occur due to temperature variations oi 
ntherstfeevs Te tallawss vheretares that tor the revis 
considered, it is preferable to de ouple the cavity by the 


use of large input and output O's with no additional at 
tenuators 
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[DERIVATION OF THE SECOND-HARMONIC 
OUTPUT OF THE DETECTOR 


It may be important for design consideration to know 
the magnitude of the second harmonic of the sensing fre- 
quency contained in the detector output. In some cases, 
this component may have to be reduced to the proper 
amplitude by suitable filtering if the amplifier and asso- 
ciated circuits are to operate properly. In operation, the 
magnitude of the second-harmonic component may be 
many times that of the fundamental component result- 
ing in the saturation of the amplifier. By Fourier's 
theorem, 
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APPENDIX I 


If it is assumed that the cavity has only a single mode 
within the desired range of operation and has a band- 
width (to the 3-db points) which is small compared to 
its center frequency, then a number of simplifying as- 
sumptions can be made to expedite the analysis of its 
behavior. For the purposes of this paper, the cavity may 
be described sufficiently by the constants Qi, Q2, Qo, and 
fo. The restrictions and assumptions of the lumped-cir- 
cuit model which will be assumed are described.? This 
paper is generally concerned with cavities that have only 
one window or loop, but the arguments are applicable to 


lu tra: transmission cavities as well. Fig. 8 is a schematic of the 
La = - f E.(t) cos 2040 (20) model cavity. Use is made of a similar model in describ- 
e RET ing the behavior of cavities used as wavemeters;" the 
E kao» | ee] DW, Ves (21) expressions used have a slightly different notation. The 
QQ: following are the definitions of the Q's: 
Q Inf (Maximum energy stored in the cavity) (23) 
o = Tjo = = 3 ` 
(Power dissipated in the walls of the cavity) 
0 Inf (Maximim energy stored in the cavity) (24) 
1 = Info — ; 
(Power transmitted back through the input window) 
er (Maximum energy stored in the cavity) (25) 
2 5 T - - = — E S 
: ( Power transmitted through output window) 
Q anf (Maximum energy stored in the cavity) (26) 
L= zm 7, ; 
: (Total power lost to the cavity) 
1 1 1 1 
Du E ex (27) 


presa 
Q Qo Qi Qs 
where 
cos 2040 


DW, V, n) -[ 
Del MR TITRE T SOIN. 


(22) 


D(0, V, n) is evaluated in Appendix IV. Fig. 7 shows it 
as a function of V for n equal to 1 and 2. The values of 


= ; E | 1 
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Fig. 7—Quantity of second harmonic of the sensing 
frequency in the detected output. 


mD(W’, V, n) are not important as a function of W since 
the operating point is near W equal zero. The value of 
the second-harmonic component is maximum at W 
equal zero. 


| 
| 


Since the actual values of the admittance of the load and 
the source to which the cavity is connected are not 
known, the effective shunt resistance cannot be known. 
However, for the purposes of this paper, it is not neces- 
sary to know this; it is only necessary to know the ad- 
mittance relative to the value for which the proper Q 
was determined. 


DH- 


PERFECT 
TRANSIORMAER 


PERFECT 
TRANIFORME @ 


Fig. 8—Equivalent circuit of a cavity. 


Since the cavity will, in general, be rather loosely 
coupled to the oscillator, the most useful way of describ- 
ing the power transmission will be in terms of the ratio 
of incident power to the output power. Taking account 
of the reflected power at the input terminals of the cav- 
ity, by conventional circuit analysis there results” 

11 See chap. 5 of footnote reference 2. 

1? E. A. Guillemin, “Communications Networks,” John Wiley and 
Sons, New York, N. Y., 1931 and 1935. 

12 These expressions may be obtained directly from page 65 and 


page 291 of footnote reference 10 with the corresponding change in 
notation. 
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Qi Qi Af 
e S oan : 
Vi D Ye + 0. + 7201 n (28) 
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For x equal to 2, the following integral must be eval 


={ 
To y 


uated 
sin 0d0 
1+ (IV + V sin 6)? 


CIS. 2s (44) 


By expanding the integrand in partial fraction, it is seen 
that's 


er IV Tj 
CH V, 2) = f | | B z 
2Vaj J .LW + 74+ V sin? 
dieti IL (48) 
Appr — dU. a 
APPENDIX II ae eee 
For 2 equal to unity, the following integral is to be , 
evaluated CF, Y,2) = 
E j $ 1 = 
Jem sin 6d0 Pol ( ) 
C(W, V, 1) = — à = : - (30) | W tj 
T J ., A/1l- (W + V sin 0)? 1 
EE — : ji (36) 
From a practical point of view, it is most expedient to i J 3 
evaluate this by a series expansion about V equal to 4 BE TA ) | 
zero. Expanding the denominator by a Taylor series, 
then, it is seen that By a few algebraic simplifications, it is found that 
1 prec d" V"sin"*! pdo M/W? x 1 
GO p) f E = (31) C(W, V, 2) = — EA alae 
T Jor nao dW” ny1 +? à VA? + 0? — 2VXp? — 1) 4 
Exchanging the order of integration and summation and : NW - 
Exchanging the order of integri s k -sin } arctan — : o 
integrating, (V? + 1)? — VW? — 1) 
x 13 4 (2m + 1) d?mt! 1 [emit 
COF, V, 1) = 25, ———————— i (32) 
m-o 2-4--+(2m+ 2) dM?" A74 4+ Ww? (2m +1)! 


Performing the differentiating and factoring gives the 
required series 
3(2W? — 3) 


Bud 8(1-- W)? 


-WV [ T 
TO a W33/2 
SCSI — 401V? + 15) E 
64(1 + W?) 


35(10H® — 10814 + 210W — 35 
Um 5) s ] (43) 


81,920(1 + 112)5 


APPENDIX III 

The functions representing the slopes of the effective 
discriminator curves at the origin are to be evaluated. 
The slope of the curves for the linear detector mav be 
evaluated rather easilv in terms of complete elliptic inte- 
grals from the original integral. 

àC(0, V, 1) V ji . sin? 640 
ôW 7T Jr (1+ V? sin? 9)? 

Substituting 1 —cos? 6 for sin? 8 and 0=7 2—¢ġ, it fol- 
lows that 


(38) 


àC(0, V, 1) 


This series is convergent for V?less than 1 +H” since the 
radius of the circle of convergence of the series for 
1/1-F (HE)? in the Z-plane is \/14 T2, when expanded 
about Z 20. 

* Mathematical Tables from “Handbook of Chemistry and 


Physics," Chemical Rubber Publishing Co., Cleveland, Ohio, Sth 
edition, 1936; no. 337, p. 271. 
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Qr Aah SEES URS [ 


(1 — sin? $)d$ 


1? 3/2 
°] 


— ——— sin? 


ig re 


Consulting de Haan,'5 and making a few 


plifications, it is seen that 


15 See no. 349, p. 272, of footnote reference 14. 
16 D. Bierens de Haan, “Nouvelles Tables D'ii 
G. E. Strechert and Co., New York, N. Y.; 1939; 
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where K and £ are elliptic integrals.!? 

'The slopes of the effective discriminator curves for the 
square-law detector may be found most easily by dif- 
ferentiating the function directly, resulting in 


9C(0, V, 2) — 2V 
um = — 4 
a (1 + 172)3/? an 
APPENDIX IV 


The integral representing the amount of second har- 
monic of the sensing frequency may be worked out at W 
equal to 0. For the linear detector, 


; 1 L cos 2040 
D(0, V, 1) = -f eae 
mJ- 14+ V? sin? ð 


Substituting 1 — cos? 8 for sin? 6, n/2 —$ for 6, 1 —2 sin? ó 
for cos 26, and shifting the integration intervals, it is 
seen that 


(42) 


E I? (1— 2 sin? $)d 
D(0, V, 1) = : if : D (43) 
zV/14- V?J, Hn V2 aa 
: — — sin* @ 
147? 
It is found that!’ 
—4 ie 
DO, V, 1) = (a : ) 
x/1 tT? I+? 
»( B )] (44) 
popu 
For the square-law detector, 
1 z cos 28d0 z 
D(0, V, 2) = -f ———— (45) 
mJ. 1+ V?sin?* 0 


Substituting }(1 —cos 20) for sin? 6, $ —0/2, and shifting 
the interval of integration, it is seen that 


2 ZE cos ọdọ 
D(0,V,2) = - Í 
z(24- V?) Jo i y? 
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Making some algebraic simplifications,” it is found that 
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1! E. Jahnke and F. Emde, “Tables of Functions with Formulae 
and Curves," Dover Publications, New York, N. Y., 1943. 

18 See p. 73 of footnote reference 17. 

19 See p. 272, no. 349, of footnote reference 14. 


D(0, V, 2) = (47) 


Grant: Loop Gain of Automatic-Frequency-Control Circuit 


APPENDIX V 


The expression for the relation between the variation 
in input admittance and the variation in output admit- 
tance for a matched four-terminal network may be 
derived easily using matrix methods.? Consider the 
general four-terminal network characterized by the four 
constants a, 6, c, and d. Not all are independent, for a bi- 
lateral system with a consistent set of units ad —bc must 
equal unity. Consider the network operating into and 
admittance Your with an associated input admittance 
Yin. Let E; and J, be the input voltage and current to 
the network, and let E; and I; be the output voltage and 
current. It follows, then, that 


TERRE SR |t OF] Be | 
| = | x | | i 
fil nes d (Foaia 0 | 


Hence, 

E, = (a + bY.) Fe 
and 

I, = (c + dYz) Es. 
By dividing Jı by £i, it follows that 


€ + dYou 
A + BY out 


1m 


By differentiating with respect to Fout, it follows that 


AY, & ~~. 
(a + BY ou)? 


The power attenutaion for the network can be derived 
for the relationship between £; and £z if Yi, and Your be 


considered as pure conductances. If they are not, then 


the power input and output expression must contain 
only the real parts of Yin and Y. 'To include this re- 
finement generalizes the final expression, but it does not 
increase its usefulness. Hence, 


: Ey Yon 
(Power attenuation) = |— - 


| 
| 


Ej Ys Ps 
" out 
= | ad + bi mds ee ay 
in 
It then follows that 
| AV in | AV out | 1 
la E — MÀ : md 
| Fin | | Yon | (Power attenuation) 


Even though the admittances Yin and Your must be real, 
the variations do not have to be real and, in general, 
they will not be real. If it were possible to find the val- 
ues of a, and b and Yow for the particular network, it 
would be possible to calculate the relationship between 
the real and imaginary components of the admittance 
variation. However, if only the power attenuation is 
known, only the relation between the absolute magni- 
tudes of AYin/ Yin and A Yout/ Your can be found. 
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New Design for a Secondary-Emission "Trigger "Tube 


C. F. MILLER, SENIOR MEMBER, IRE, AND W. S. MeLEANT 


Summary—Aspects of the design of a nongaseous miniature 
trigger tube are given. A triode input section produces a primary 
electron beam which impinges on a dynode to produce secondary 
electrons. These are collected by two different output elements which 
may be used separately or as a unit. A surface having long life and 
stability is described. Suggested applications include its use as a 
relaxation oscillator, multivibrator, pulse inverter, triangular-wave 
generator, and dynatron. 


INTRODUCTION 
N EARLIER PAPER! described the application 


of secondary-emission phenomena to the prob- 

lem of obtaining trigger action. .\ design of tube 
was shown which served well for the basic principles 
involved, but which left something to be desired in 
terms of high-frequency operation and miniaturization. 
The tube described in this present paper satisfies these 
last two requirements. It carries the designation NU- 
1032-J. 


SIGNIFICANCE OF THE “FERST-ZERO” VOLTAGE 


It has become common practice, in working with 
secondary-emission surfaces or dynodes, to designate 
the quality by the value of the “first-zero” voltage taken 
from the dynatron characteristic. Such a characteristic 
is shown as Fig. 1, curve A. The “first-zero” voltage is 
the lower of two voltages at which the current to the 
dynode is zero. For the construction used, at this voltage 
there will be a large difference of potential between the 
collector grid and the dynode, so that all the secondary 
electrons will be drawn away from it. Thus, this “first- 
zero” voltage is that voltage at which the ratio of sec- 
ondary to primary electrons. (6) is equal to unity. It 
is also the voltage for the primary electrons at. which 
their velocity is just great enough to produce one 
secondary electron for each. primary electron. 


luni DESIGN 


The main problem which confronts the development 
of any type of secondary-emission tube is one of stabil- 
ity during life. Maintaining a low and consistent value 
of “first-zero” voltage is the prime requisite for a good 
trigger tube. In 1938, it was found? that contamination 


* Decimal classification: R339. Original manuscript received 
by the Institute, April 16, 1948; revised manuscript received, Febru- 
ary 3, 1949, Presented, 1948 IRE National Convention, New York, 
N. Y., March 25, 1948. 

1 National Union Radio Corp., Orange, N. J. 

1 Western Electric Co., New York, N. Y. 

1 A. M. Skellett, "Use of secondary electron emission to obtain 
trigger or relay action," Jour. Appl. Phys., vol. 13, pp. 519-524; 
August, 1942. 

? J. L. H. Jonker and A. J. W. M. v. Overbeck, “The applications 
of secondary emission in amplifying valves," Wireless Eng., vol. 15, 
pp. 150-157; March, 1938. 


given off by the cathode caused poisoning of the dynode 
surface and consequent. instability in secondary -emis- 
sion tubes. Theory and experiments showed that this 
contamination traveled in straight. dines. With this in 
mind, the first stable secondary-emission amplifier was 
developed by sheilding the dynode from the cathode and 
causing the primary electrons to travel in curved paths 
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Dynode characteristic curve A and first-zero value 
during life, curve B. 


Fig. 1 


This same principle has been applied in the design 
of the present tube. The final tube geometry was de- 
cided on after an extensive rubber-model investigation. 
The principal elements and their relationship to each 
other are shown in Fig. 2. These include the cathode, 
control grid, and slotted anode which make up the triode 
section; also the shield, anode No. 2 or collector grid, 
dynode, and anode No. 3. The slot in the plate forms a 
beam of primary electrons. The influence of the shield, 
which is at cathode potential, causes the primary elec- 
trons to travel in curved paths, passing through anode 
No. 2 and finally striking the dynode. Particular care 
was paid to obtaining an even density and spread of 
electrons over the surface of the dynode in order to 
prevent overloading any one portion of the surface. 
Electrons passing through the middle of the slot strike 
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the middle of the dynode, and those through the outer 
limits spread evenly to each side of the center. 

The rubber-model trajectories were checked by means 
of a tube containing a fluorescent dynode which showed 
the same spread of electrons on the dynode as did the 


Fig. 2—Cross section showing the elements of the trigger tube. 


rubber model. One of the innovations on this type of 
tube is the use of anode No. 3. Previous designs de- 
pended entirely on the collector grid for collecting the 


Fig. 3—Photograph of the miniature trigger tube. 


secondaries, and, consequently, many secondaries in 
passing through the collector grid struck the first anode. 
Anode No. 3 prevents this loss in that it shields the first 
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anode almost completely from secondaries passing 
through the collector grid and eliminates the conditions 
which were conducive to oscillation by the secondaries 
about the collector grid. 

'The dynode surface combines a base metal of oxygen- 
free copper or silver with a thin composite layer of 
barium and magnesium oxides. The barium and mag- 
nesium are evaporated onto the copper under vacuum 
conditions. The base metal is highly polished on the 
active side before the layers of the other metals are 
applied. Special care is taken not to contaminate the 
copper in any way once it is polished. The thin layers of 
barium and magnesium are oxidized by exposing the 
structure to oxygen. It is believed that some of the pure 
metal diffuses through this oxide layer to the surface 
during the aging process. 

A photograph of the tube is shown in Fig. 3. 


Lire TEsTS 


The arbitrary limit for an acceptable value of sec- 
ondary-emission ratio for a trigger tube is a "first zero" 
of +30 volts or less. Curves A and B in Fig. 1 show 
what may be expected of the tube with respect to life 
and consistency; curve A is the dynode characteristic 
taken after 3,000 hours life. Curve B shows that the 
"Rrst-zero" value has been good throughout life. The 
initial drop (from approximately 35 to 16 volts) indi- 
cates that the surface was “aged-in” during this time, 
and after a few hours the "first zero" reached an aver- 
age value varying between 15 and 19 volts. The tests 
indicate that this particular surface will maintain con- 
sistent values of à under 0.5 watt per square centimeter 
dissipation. 

'These life tests have shown that it is possible to make 
dynodes of the kind used herein that last for 5,000 
hours or better, maintaining constant characteristics. 


APPLICATIONS 


The basic trigger circuits for the use of this tube are 
described in the earlier paper! referred to above. 
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Fig. 4—Triangular-wave generator, f= 5,000 cps. 
Fig. 4 shows the tube used as a triangular-wave gen- 


erator. The action of the circuit is as follows: The 
square-wave input is differentiated into triggering 
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Fig. 5—Square-wave output for 100 kc. 
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pulses by the input RC circuit. These pulses trigger the 
tube “on” and “off,” as in the circuit described earlier. 
When the tube is triggered “off,” the 0.1-uf capacitor is 
charged exponentially through the plate resistor 
(250,000 ohms). When the tube is triggered “on,” the 
output capacitor discharges exponentially through the 
tube. 

Fig. 5 shows the output wave form when the tube is 
triggered at 100 kc. The leading edge has a rise time of 
approximately 0.2 microsecond. The full capabilities of 
this tube have not yet been determined; however, it is 
believed that it can be made to trigger at frequencies as 
high as 1 Mc since no gas-deionization time is involved. 


Electronic Techniques Applied to Analogue 
Methods of Computation 
G. D. McCANN}, C. H. WILTSf, anp B. N. LOCANTHIT, ASSOCIATE, IRE 


Summary—This paper describes in detail the electronic devices 
and principles that have been deveioped for the California Institute 
of Technology (CIT) electric analogue computer. This is a general- 
purpose, large-scale computer applicable to a wide range of linear 
and nonlinear ordinary algebraic or differential equations and linear 
and nonlinear partial differential equations. 

In addition to the basic principles of the computer, a detailed 
discussion is given of those elements considered to be of particular 
interest. These include the devices for generating the arbitrary 
functions of the independent variable (the excitation functions), 
the amplifiers for producing active linear elements such as negative 
impedances and for representing the nonsymmetrical terms of the 
matrix specifying the differential equations, the multipliers for pro- 
ducing arbitrary functions of the dependent variables (nonlinear ele- 
ments). 

Performance data on these devices are presented, together with 
analogies and solutions of representative types of problems. 


INTRODUCTION 


ŅHE ELECTRIC analogue computer, which has 
fi been developed by the California Institute of 

- Technology provides a device having as wide a 
field of application as is considered practical with the 
electric analogue principle. It is thought that the great- 
est field of usefulness of such a computer lies in the 
accuracy range that is limited to the order of 1 per cent, 
which covers the vast majority of problems in the gen- 
eral field of engineering analysis. With this accuracy- 
limitation, great simplification in the computer and its 
operation results from the use wherever possible of R, 
L, C, and transformer circuits in simulating the linear 


* Decimal classification: 621.375.2. Original manuscript received 
by the Institute, October 8, 1948; revised manuscript received, 
February 24, 1949. Presented, 1948 IRE West Coast Convention, 
Los Angeles, Calif., September 30, 1948. 

1 California Institute of Technology, Pasadena, Calif. 


terms of both algebraic and differential equations! 
This is in contrast to computers which employ electronic 
amplifiers for all integration or differentiation. They 
provide higher accuracy, but are restricted in their field 
of application as compared to that practicable with a 
computer of the type discussed here. 

Electric analogue computers are limited to one inde- 
pendent variable that can be continuously represented. 
However, by the use of finite-difference methods, such 
as must be employed for digital computers, more inde- 
pendent variables can be handled. The CIT computer is 
designed to handle partial differential equations with 
"p to three independent variables. Two basic circuit 
techniques are employed. For the first of these, one in- 
dependent variable is continuously represented as time 
on the computer.'? In the other, all independent vari- 
ables are represented by finite-difference methods, in 
which case the analogous circuit becomes a steady-state 
ac or dc mesh.? Both techniques are applicable to both 
ordinary and partial differential equations. It is the ap- 
plication of the first technique that requires most of the 
electronic equipment, such as devices to generate suita- 
ble functions of the independent and dependent vari- 
ables, multipliers for multiplying any two variables to 
gether, and amplifiers to provide the proper power- 
output levels from these devices and to produce nega- 
tive impedance terms and the unilateral or unsymmetri- 
cal terms of a matrix or servosystem. 


1G. D. McCann, “The me i a ; "zer," 
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Fig. 1—A general view of the California Institute of Technology computer. 


It is these recently developed basic electronic ele- 
ments of the computer that are to be described in this 
paper. The general arrangement of the computer, a 
photograph of which is shown in Fig. 1, has been de- 
scribed in a previous paper.? 


ExAMPLES OF COMPUTER TECHNIQUES 


'The required specifications for the analogue elements 
is best considered by first illustrating their application 
to specific problems and describing the analogue tech- 
niques employed. The basic analogue elements em- 
ployed in the computer are listed in Fig. 2 in terms of 
their symbolization as employed for circuit layouts. 
Typical analogous circuits for ordinary differential 
equations are given in Figs. 3 and 4. 

As illustrated in the examples, R, L, and C circuit ele- 
ments are usually employed for all linear “self-imped- 
ance" terms. They are also employed for bilateral mu- 
tual terms that can be formed with junction points be- 
tween the meshes simulating the simultaneous equations 
and for transfer functions. Special transformers? are 
used wherever possible for bilateral mutuals requiring 
circuit isolation or, in conjunction with amplifiers, to 
provide a four-terminal unilateral element. 
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Fig. 2—Symbolization of the basic computer elements. 


The use of such circuit elements fixes the impedance 
level and the rate of computation. To minimize stray 
coupling and stray pickup problems and enable the 
quick setup of a wide range of circuits, the circuit im- 
pedance base must be kept low and the power level 
reasonably high. Unintentional impedances, such as the 
output impedance of a voltage amplifier, must be kept 
below a few ohms if they are series elements, and above 
several hundred thousand ohms (and in extreme cases, 
10 or 20 megohms) if they are shunt impedances. In 
order that the elements are sufficiently close to being 
ideal inductors, etc., the natural frequencies of the 
analogue circuits must lie within certain limits. A nor- 
mal operating frequency range of from 10 cps to 1 or 2 
ke was chosen.? However, because of this wide frequency 
range, transformers have certain limitations. It is diffi- 
cult to keep the ratio of the series to magnetizing im- 
pedance of a transformer sufficiently low over such a 
wide operating frequency range. This, together with 


Fig. 3—Illustrative analogy for an ordinary differential equation: 
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Fig. 4—lllustrative analogy for simultaneous equations: 
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the tendency of transformer-coupled feedback circuits 
to “motorboat,” constitute the major difficulties some- 
times encountered in the use of transformers. It is, 
therefore, occasionally necessary to use four-terminal 
“isolators” which operate properly from zero frequency 
(dc) to the upper limit of 1 or 2 kc (see Fig. 4). The 
generai philosophy regarding accuracy has been to 
achieve 1 per cent accuracy in all elements. Thus, an 
inductor should exhibit a variation in effective induct- 
ance which is less than 1 per cent of its value throughout 
the range in operating level and operating frequency 
(in this case, 100 to 1,000 cps). In addition, its effective 
resistance should be less than 1 per cent of its reactance 
at all frequencies and levels (i.e., its Q should be greater 
than 100). Similarly, all of the electronic equipment 
must have less than 1 per cent amplitude distortion 
throughout the operating range. Furthermore, the fre- 
quency response of the equipment must not vary more 
than 0.1 db throughout the frequency range of the com- 
puter. It was considered satisfactory if the phase shift 
were less than 1? throughout the frequency range. How- 
ever, since these devices are frequently used in cascade 
and in feedback circuits, the phase and amplitude char- 
acteristics must be controlled to eliminate oscillations 
at high and low frequencies. To prevent low-frequency 
"motorboating," all electronic equipment except the 
arbitrary function of the independent-variable (forcing- 
function) generators was designed for operation from 
zero frequency (dc) to the upper frequency limit of the 
computer. To simplify elimination of high-frequency 
oscillations, it was found desirable to extend the high- 
frequency limit of all equipment as far as practicable. 


Power Amplifiers 


Three types of amplifiers are shown in Fig. 2—ac 
power amplifiers, dc current generators, and dc voltage 
amplifiers. Although they are frequently used for other 
purposes, their most common uses are: (1) Ac power 
amplifier: to amplify the output of the forcing-function 
generators (arbitrary function of the independent vari- 
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able) and provide a low source impedance. (2) De cur- 
rent generator: to produce a current as a “forcing func- 
tion.” (3) Dc voltage amplifier—to produce negative or 
unilateral impedances, and to amplify the output of 
generators of an arbitrary function of the dependent 
variable. Typical examples of the use of the dc ampli- 
fiers are given in Figs. 3 and 4. The dc amplifier input 
impedances must be kept high so that they will not dis- 
tort the circuit across which they are to be connected. 
However, since they usually can be used with a small 
input signal, the circuits can be so set up that 500,000 
ohms is a sufficiently high input impedance. For most 
problems, power levels corresponding to a maximum 
current of 30 to 50 ma and a voltage of 50 to 100 volts 
are adequate. 

Two types of de voltage amplifiers were found desira- 
ble. One of these has a negative or 180? phase-reversal 
characteristic, and is to be used particularly for servo- 
mechanism problems. It has à maximum gain of 50 and 
is usually used in groups of three or more. The other isa 
positive-gain amplifier. For this a gain of 100 is usually 
adequate when it is used to produce a negative or uni- 
lateral impedance, since the accuracy limitation of the 
computer is 1 per cent. However, in limited cases, larger 
gains are required. In order to provide for this addi- 
tional gain, the amplifier can be used with a preampli- 
fier, which has a gain variable from 0 to 10. It is con- 
sidered adequate if the current amplifiers can deliver 
about 50 ma and 100 volts. Their effective source im- 
pedance should be a megohm or more. 

‘As can be seen from the illustrative circuits (Figs. 3 
and 4), it is necessary that all analogue elements be 
capable of operation with no connection between nor- 
mal ground terminal and true system ground, or they 
must be provided with isolating elements at their ter- 
minals. As will be discussed later, it was found prac- 
ticable to design the electronic equipment for operation 
with no connection to system ground, thereby affording 
considerable simplification. ` 


Multipliers 


The multipliers must be capable of multiplying to- 
gether any two variable voltages having frequencies up 
ti 1 or 2 kc. Atypical examples of their use is given in 
Fig. 3. Recalling the over-all 1 per cent accuracy re- 
quirements of the computer, it is desirable, as a mini- 
mum requirement, that the multipliers be capable of 
forming products of functions such that the instantane- 
ous product obtained for any input voltages deviates 
from the correct value by an amount less than 1 per 
cent of the maximum product obtainable. 


Arbilrary Function Devices 


Because of the wide range of possible functions, it is 
desirable to have several methods of generating fune- 
tions of both time, the independent variable, and the 
dependent variables. For the “independent variable” or 
time functions, six square-wave voltage generators, con- 
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sisting of storage-battery circuits, and six variable-fre- 
quency sine-wave generators are provided. These are 
described in footnote reference 2. In addition, however, 
it is necessary to be able to generate any time function 
that can be plotted or expressed mathematically. Many 
important nonlinear functions of the dependent vari- 
able, such as saturation curves, square-law character- 
istics, sudden discontinuities, etc., can be generated with 
relatively simple diode circuits. In addition, however, 
provision must be made for perfectly arbitrary func- 
tions. 


DESCRIPTION OF ELECTRONIC COMPONENTS 


Generator of Arbitrary Functions of the Independent 
Variable 


Since the computer operates in the audio-frequency 
range, it is natural to consider the possible application 
of the various principles employed for sound recording, 
including the light-beam-photocell principle, magnetic 
tape, or wire recording and conventional disk recording 
and playback techniques. All of these methods were 
tried experimentally and found practical. As will be 
discussed later, the light-beam-photocell principle could 
be most easily and practically developed into a form 
suitable to the needs of the computer, and was adopted 
for one form of “forcing-function” generator. However, 
the use of any of the above principles leads to one prac- 
tical difficulty. If the function of the independent vari- 
able is unknown and the only known data are some 
actual solutions obtained from experimental tests, it is 
desirable to have a generator in which the arbitrary 
function can be varied until, by trial and error, a cor- 
rect solution is obtained. 
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Fig. 5—Schematic diagram of the arbitrary forcing-function genera- 
tor Type I; variable gain amplifier, 1-ohm output impedance, 50 
volts at 1-ampere output. 


Type I 

The device illustrated in Fig. 5, although limited in 
the maximum frequency which it can represent, does 
provide for rapid changes in the forcing function. As 
w shown in the schematic diagram (Fig. 5), 100 voltage 
taps are provided which may be selected by the adjust- 
ment of 100 switches, each of which connect to a seg- 
ment of a commutator, thus providing 100 points in 
time. A filter circuit provides for a smooth transition 
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between points. The 100 voltage taps are rods placed 
around the periphery of a circular drum, over which 
are 100 circular rings each connecting to a segment 
of a mechanical commutator. Adjustment of the func- 
tion generator is accomplished by rotating the rings 
around the drum. Three of these devices are provided 
in the computer. They may be used separately, or 
two may be ganged in series to provide up to 200 
points in time. 


Type II 


The generator employing the photoelectric principle 
is illustrated in Fig. 6. A photographic film is produced 
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PHOTO TUBE 


Fig. 6—(a) Schematic diagram of the generator of an arbitrary 
function of meepraat variable. (b) Photograph of a generator 
of an arbitrary function of independent variable. 


with a circular *sound track" having a variable width 
proportional to the desired function. This film and a 
narrow slit are interposed between a light source and a 
phototube. When the film is rotated at synchronous 
speed (10 rps), a voltage is produced which is a periodic 
function of time, and which is, during each cycle, pro- 
portional to the desired function of the independent 
variable. The film diameter is 11 inches, with provision 
for a maximum track width of $ inch. A simple ac 
amplifier is used to increase the signal level to about 1 
volt. 

There are six principal sources of distortion in such an 
optical-photoclectric system. Two of these result from 
geometrical properties of the system. One arises if the 
width of the “sound track" is made exactly propor- 
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tional to the desired function. In this case, the angle 
subtended by the track is not exactly proportional to 
the desired function, but is related by a simple trigo- 
nometric expression which departs appreciably from 
linearity if the angle becomes too large. Since the light 
transmitted is proportional to the angle, a lack of linear- 
ity results. The other distortion is a frequency-sensitive 
amplitude distortion. It arises because of the finite slit 
width and limits the detail possible because of the aver- 
aging effect over the width of the slit. These distortions 
were made less than 0.1 per cent by maintaining suitable 
ratios of critical dimensions. 

Four other sources of distortion are due to imperfec- 
tions in the apparatus: variable sensitivity of the photo- 
tube surface, imperfect slit, variation of source light 
intensity with direction, and variation in transmissibil- 
ity of film. Distortion arising from variable sensitivity 
of the phototube surface is minimized by focusing the 
light from the source to one spot on the phototube by 
means of a simple achromatic lens. Distortion due to the 
other three causes is believed to be the major source of 
error. For a perfect film, the generator shown in Fig. 6 
with a $-inch sound track has a maximum over-all dis- 
tortion of 0.3 per cent. 


Power Amplifiers i 


Both the current amplifiers and the transformer- 
coupled voltage amplifiers are of conventional design 
and do not merit detailed discussion. For the latter, four 
push-pull-parallel 6L6's with approximately 60 db of 
negative feedback met the special output requirement of 
50 volts and 1 ampere with an internal impedance of 1 
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Fig. 7—Photograph of amplifiers and arbitrary-function generators. 
(1) Negative gain servo amplifiers. (2) Positive-gain dc amplifier. 
(3) Voltage and current limiters. (4) Dependent-variable function 
generator lype L (5) Dependent-variable function generator— 


Type II. 
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Fig. 8—Schematic diagrams of dc amplifiers. (a) Servo or negative- 
gain amplifier. (b) Positive-gain amplifier. 


ohm. The amplification varies less than 0.1 db, and the 
phase shift is considerably less than 1? from 10 to 2,000 
cps. 

The de voltage amplifiers presented the most difficult 
problems. It is of great importance to minimize the 
drift in output voltage. In typical servo problems, am- 
plifers may be cascaded with an over-all gain of many 
thousand, so that drifts of even a few millivolts at the 
input may be objectionable. After considerable experi- 
mental and theoretical work on the matter, satisfactory 
amplifiers were developed. Since the main source of drift 
lies in the power supplies and the first stage of an ampli- 
fier, it is necessary to use well-regulated power supplies 
and to choose carefully the tube for the first stage. Fila- 
ment-type tubes with well-regulated filament current 
were found superior to the well-known Miller circuit. 
However, since the simplest source of regulated voltage 
is the high-voltage power supply, a low-current tube is 
desirable to avoid excessive power requirements. Some 
of the negative-gain servo amplifiers are shown in Fig. 7, 
and the circuit diagrams for both types of amplifiers are 
shown in Fig. 8. In practice, the 1LN5 pentode with a 
filament current of 0.040 ampere was found satisfactory 
for the negative-gain amplifier. A subminiature hearing- 
aid tube, the CIK522AN, is used for the positive-gain 
amplifier, since its filament current is only 0.020 am- 
pere, while ifs drift and microphonism characteristics are 
very satisfactory. This tube cannot be used for the 
negative-gain amplifier because of its inability to pro- 
vide a sufficiently large output voltage in a one-stage 
amplifier. 

After about a two-hour warm-up period, the drift as 
referred to the grid of the first tube settles down to a 
value that does not exceed 1 millivolt per hour. A typi- 
cal drift record is shown in Fig. 9. ‘Fhe sharp pips 
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Fig. 9—Typical drift characteristic of a negative-gain amplifier. 


marked by X were due to supply-line switching surges. 
Since this drift stability exceeds the computer require- 
ments, no attempt was made to obtain further improve- 
ment. 

The other major problems in the design of the dc 
amplifiers arise because the normal ground terminal 
(B—) of the amplifier cannot be connected to system 
ground unless isolators are used. It is conceivable that 
the analogue circuit impedance to ground may be as high 
as several thousand ohms, and that the voltage to 
ground may be as large as 30 or 50 volts. Two undesira- 
ble effects can arise. Unless the grid of the input tube 
of the amplifier is very well shielded from true ground 
by the B— bus, the capacitance between grid and 
ground, in series with the normal high impedance from 
grid to B —, results in a grid signal if a voltage exists 
between B — and true ground. It was considered desira- 
ble to have all amplifier chassis connected to true 
ground, so that shielding was required within the 
chassis. Without resorting to complete electrostatic 
shields, the resulting transfer characteristics for the 
positive-gain amplifier gave rise to an output voltage 
equal to approximately 0.1 per cent of the signal be- 
tween B — and true ground. This was considered satis- 
factory. 

The other effect, a 60-cps ripple appearing on the B — 
terminal if an impedance is connected between B — and 
true ground, is more difficult to eliminate. This ripple 
normally arises from unbalanced capacitance between 
the ends of the high-voltage winding and the primary 
winding, as shown in Fig. 10(a). With normal *balanced- 
winding" procedures, a ripple of about 0.1 volt appears 
if the impedance Z (Fig. 10) is made equal to 1,000 
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Fig. 10—Shielding requirements for power-supply transformers, 


(b) 
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ohms. This corresponds to an unbalanced capacitance of 
a few hundred pyf. If a single shield, as shown in Fig. 
10(b), is used, conditions are not appreciably improved. 
If, for example, the shield is connected to true ground, 
the unbalanced capacitances to the shield still exist. If 
the shield is connected to B — , then the capacitance be- 
tween primary winding and shield still gives rise to an 
objectionable signal in the output. By careful choice of 
connections the ripple voltage may be reduced to 40 or 
50 millivolts, but this is much larger than is permissible. 

A very satisfactory solution results if two complete 
electrostatic shields are provided, as shown in Fig. 
(10(c). Because of construction difficulties, perfect 
shielding is not economically practicable. However, 
commercial manufacturers have provided transformers 
in which the unbalanced leakage capacitance is less 
than 0.05 uuf with an increase in cost ranging only from 
50 to 100 per cent. This unbalanced capacitance gives 
rise to a ripple signal of about 0.1-millivolt per thousand 
ohms impedance. 

The other characteristics of the amplifier are achieved 
by conventional means. The required low output im- 
pedance is achieved by use of a cathode-follower out- 
put and considerable negative feedback. The available 
output current is increased substantially above the 
value for a conventional cathode follower through use 
of a pentode as cathode impedance. The important char- 
acteristics of the amplifiers are listed in Table I. 


TABLE I 
PERFORMANCE Data oF DC VOLTAGE AMPLIFIERS 


Negative-Gain Positive-Gain 


amplifier Amplifier 
Gain 0.5 to 50 in. 1-db 1 to 100 continuously 
steps variable 


Maximum voltage out- 


put +125 volts peak +125 volts peak 
Maximum current out- 
put +65 ma peak +65 ma peak 


Input impedance 

Output impedance 

Ripple level 

Stability to line voltage 
fluctuations* 

Drift characteristics* 

60 cps ripple across 1,000 
ohms between B- and 
true ground 


400,000 ohms 
25 ohms 
1 mv rms 


500,000 ohms 
0.9 ohms 
1 mv rms 


7 mv/10 volts 


0.04 mv/10 volts 
1 mv/hour** 


1 mv/hour** 


1 mv 0.1 mv 


* Voltaze referred to grid of input tube. 
** Typical values after 1-or 2-hour warm-up period. 


DC Isolator and Preamplifier 


Since isolators must, in general, operate with no con- 
nection to system ground, power transformers for such 
devices require the elaborate shielding discussed previ- 
ously. Thus it is desirable for such isolators to operate 
without 60-cps ac power supplies, if convenient. On the 
other hand, the signal voltage available is frequently 
small, so that a preamplifier may be desirable to mini- 
mize the noise-to-signal ratio of the isolator. 

Through the use of an amplitude-modulated carrier 
device, a very simple isolator results, with negligibly 
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Fig. Pp—Schematic diagram of a preamplifier and dec isolator. 
(No1E:—Without the preamplifier, the isolator is bilateral in 
action.) 


small capacitance coupling from input to output. Var- 
istor bridges, used as balanced modulators as shown in 
Fig. 11, have given compact isolators with no 60-cps 
power supplies. The design of such a unit is not as 
straightforward as might be supposed, since the phase- 
shift requirement for the detected output carries over 
into a similar requirement regarding relative phase 
shifts of carrier and sidebands. However, through the 
use of nonresonant circuits, the phase-shift performance 
of the isolators can be made satisfactory. 

A simple battery-operated amplifier is also shown in 
the circuit of Fig. 11. Both of these units can be mounted 
on a very small chassis. The isolator produces a useful 
signal of about 0.7 volt peak-to-peak and has satisfac- 
tory linearity and negligible phase shift in the range 
from zero frequency (dc) to 1,000 cps. 


Generator of an Arbitrary Function of the Dependent 
Vartable 


A somewhat more difficult problem is to produce an 
arbitrary function of the dependent variable. As has 
been pointed out earlier, the dependent variable can be 
obtained as a voltage existing at some point in the 
analogue circuit. The problem is, then, to produce a 
voltage which is an arbitrary function of another volt- 
age. Two devices have been developed for this purpose. 


TYPICAL FUNCTIONS 


Fig. 12—Schematic diagram of a generator for the arbitrary 
function of a dependent variable—Type I. 


One of the generators (Type I) utilizes crystal diodes 
and batteries in a manner shown in Fig. 12. The adjusta- 
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ble resistors are made relatively large compared to the 
forward impedance of the crystals, so that the variations 
of the latter with current do not affect the over-all im- 
pedance appreciably. If the switches are all thrown to 
the left in Fig. 12, each parallel branch will not conduct 
current until the terminal voltage rises above the bat- 
tery voltage of that branch. The resulting current versus 
voltage characteristic is composed of a series of straight 
lines, with the slope of successive segments decreasing 
as the voltage rises. Such a characteristic is shown in 
curve A of Fig. 12. 

If the switches are thrown to the right, a different 
characteristic results. Each branch produces a circulat- 
ing current which passes through Ro. The battery volt- 
age Eis provided to give zero terminal voltage when no 
external current enters the terminals. As voltage is ap- 
plied, the current which flows is determined by the ef- 
fective resistance of all branches in parallel. As soon 
as the terminal voltage rises above the lowest branch 
battery voltage,the current in that branch ceases to flow, 
and the effective impedance of the device is raised. As 
the voltage exceeds the highest battery voltage, the 
impedance becomes equal to Re alone, the maximum 
value. The resulting current versus voltage character- 
istic is one of constantly increasing slope, as shown in 
curve B. By combining branches of each type, a char- 
acteristic may be achieved whose slope is alternately 
increasing and decreasing, provided the slope always 
remains positive. Curve C in Fig. 12 is typical. 

The generator of this type which is used with the 
computer has 22 parallel branches, 11 for positive and 
11 for negative voltages. A current-voltage character- 
istic composed of 22 straight-line segments can be ob- 
tained. Such a characteristic can be made to approx- 
imate many typical functions with surprisingly good 
accuracy. Simpler and more special-purpose versions of 
this device have also been developed, in the form of 
abrupt current and voltage limiters, These are shown in 
Fig. 7 together with the Type I generator. 

The other arbitrary-function generator (Type Il) is 
based upon a principle developed elsewhere. It utilizes 
a cathode-ray tube and photocell. The quiescent posi- 
tion of the electron beam is set to one side of the tube 
and the photocell output is amplified and applied to the 
plates with a polarity which will drive the beam to the 
other side. If an opaque template is placed on the sur- 
face of the tube, as shown in Fig. 13, the beam spot will 
be driven below the edge of the template until the light 
reaching the phototube is just sufficient to produce a 
signal which will deflect the beam to the edge of the 
template. 

The generator has several limitations which merit dis- 
cussion. The finite spot size results in some distortion 
for which compensation is difficult, since distortion de- 
pends on the gain of the amplifier, intensity of the spot, 
the height of the pattern, location of the quiescent posi- 
tion, etc., all of which may vary from time to time. In 
addition, the halo on the screen contributes an appre- 
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Fig. 13—Scheinatic diagram of a generator for the arbitrary 
forcing function of a dependent variable— Type II. 


ciable signal which may cause clipping of sharp high 
peaks of the template, since the halo signal can be 
picked up on both sides of the peak with the spot com- 
pletely hidden. A third source of error lies in the paral- 
lax resulting from a spot on one side of the cathode-ray- 
tube face and a pattern on the other side. Careful pro- 
portioning of over-all height and width of the pattern, 
location of the quiescent position, and adjustment of 
gain minimize these difficulties, but a definite limitation 
in accuracv exists. Another limitation lies in the inabil- 
ity of the beam to rise or fall abruptly. Thus, if the de- 
pendent variable passes rapidly through a region where 
the arbitrary function changes abruptly, the output may 
lag behind the ideal curve. This effect can be minimized 
by a reduction in vertical scale of the template. Since 
the time lag is small compared to the period of highest 
frequency used on this computer, the effect on solutions 
is usually negligible. 

'The Type II function generator as developed for the 
computer is shown in Fig. 7. Its frequency response is 
best defined in terms of the maximum speed of rise of the 
cathode-ray beam. Under typical operating conditions, 
this corresponds to 40 microseconds per inch of deflec- 
tion along the f(y) axis. This figure was obtained with a 
P5 phosphor screen having a decay time of approx- 
imately 20 microseconds. Screens of this type provide 
sufficiently fast response characteristics for general use 
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Multiplier 

The multiplication of two arbitrary voltages can be 
accomplished in many ways. The method which has 
been adopted for the CIT computer utilizes a double- 
modulation and subsequent detection scheme (see the 
circuit of Fig. 14). A balanced modulator is used to pro- 
duce sidebands through modulation of a carrier by one 
of the product terms. The resulting voltage is of the 
form £i cos (c.t). This voltage is used as the carrier for a 
second modulator, which gives a sideband output 
iE, cos (ot). The carrier voltage is, of course, sup- 
pressed in both cases through the use of a balanced 
modulator. For convenience, a varistor bridge is used 
for the first, and electron tubes for the second modu- 
lator. Detection is accomplished with another variator 
bridge, minimizing the power-supply requirements of 
the unit. Isolation between inputs and output is auto- 
matically supplied by the high-frequency transformers. 
It will be noted, however, that the'second input voltage 
is not isolated from system ground. If such isolation is 
required for both inputs, an additional iso'ator must be 
used. Since phase shift of the sidebands results in phase 
shift of the detected signal, care must be taken to min- 
imize this effect. The first modulator, with untuned 
transformers, performs very well in this respect. Since 
tuned circuits are required in the second modulator, for 
several reasons, the phase shift here is minimized bv 
overcoupling of the transformer in the plate circuit of 
the modulator. 

In the computer, groups of the dc isolators and the 
multipliers are supplied by a common high-frequency 
generator, thereby permitting small, compact units. 
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Fig. 14——Schematic diagram of a multiplier. 
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1933. 

From 1927 to 
1929, he was em- 
ployed by the Federal 
'Telephone and Tele- 
graph Co., Buffalo, 

. Y., as an engineer 
for the development of superheterodyne re- 
ceivers. He joined the Sylvania Klectric 
Products Co., Emporium, Pa., in 1929, and 
developed the first 6.3-volt line of tubes for 
automobile receivers; later he invented the 
lock-in tube and supervised the early pro- 
duction stage. In 1940 he became associated 
with the Corning Glass Works, Corning, 
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N. Y., as design engineer for their multiform 
division. 

National Union Radio Corp., Orange, 
N. J. appointed Mr. Miller as chief engineer 
of their Power Tube Plant in 1943, and since 
then he has been engaged in the develop- 
ment of electron tubes of various types. 


H. A. Sauer was born on Staten Island, 
N. Y., on May 3, 1908. Ife attended Cooper 
Union and New York University, from 
which institutions he 
received the B.S. de- 
gree in chemical en- 
gineering in 1930, 
and the M.S. degree 
in physics in 1939, 
respectively. 

As a member of 
the technical staff 
of the Bell Telephone 
Laboratories, Mr. 
B Sauer has been ac- 

tive principally in 

the field of dielec- 
trics, and in the development of test equip- 
ment and techniques. He is a member of 
Sigma Pi Sigma and the American Physical 
Society. 


II. A. SAUER 


René Snepvangers was born in Antwerp, 
Belgium, in 1900. He attended various Bel- 
gian Universities until 1922. From 1928 to 
1934 he was em- 
ployed as an engineer 
with the Bell Tele- 
phone Manufactur- 
ing Company in 
Antwerp; then he 
became a consulting 
engineer for the Bel- 
gian Branch of the 
United Electrical 
Works, “Tungsram,” 
of Budapest. In 1939, 
RENÉ SNEPVANGERS he came to the 

United States, join- 
ing the RCA Research Laboratories as a 
specialist in phonograph development. In 
November, 1944, Mr. Snepvangers became 
associated with CBS Recording Labora- 
tories, and is now the senior recording re- 
search engineer. 


Charles H. Wilts was born in Los 
Angeles, Calif., on January 30, 1920. He re- 
ceived the B.S. degree in 1940 and the 
Ph.D. degree in 1948 
in electrical engincer- 
ing from the Cali- 
fornia Institute of 
Technology. From 
1945 to 1947, he was 
a National Research 
Council Fellow. He 
is the author of three 
papers on application 
of analogue comput- 
ers to engineering 
problems. Presently, 
he is an assistant pro- 
fessor of applied mechanics at the California 
Institute of Technology. 
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ACOUSTICS AND AUDIO 
FREQUENCIES 


§34.21 1839 

On the Sound Field Produced by a Point 
Source with Uniform Rectilinear Ultrasonic 
Velocity in a Perfect Fluid—P. Liénard. 
(Compt. Rend. Acad, Sci. (Paris), vol. 228, pp. 
910-912; March 14, 1949, 


534.22:534.321.9 1840 

Experimental Determination of Velocity of 
Sound in Superheated Steam by Ultrasonics— 
J. Woodburn. (Trans. Amer. Soc. Mech. Eng., 
vol. 71, pp. 65-70; Discussion, pp. 70-72, 
January, 1949.) The frequency of a quartz 
crystal source and the length of standing waves 
generated in a cylinder containing the steam 
were measured. Results agree closely with data 
calculated from the steam tables of Keenan and 
Keyes. 


534.232 1841 

Coupled Mechano-Acoustic Oscillators and 
Resonators—F. A. Fischer. (Frequenz, vol. 2, 
pp. 232-238; Septeniber, 1948.) Discussion, by 
means of electrical analogies, of the type of 
oscillator termed *'Tonpilz" [literally "sonic 
mushroom"] by Hahnemann and Hecht (see 
Phys. Z., vol. 21, pp. 187-192, 1920; and vol. 
22, pp. 353-360; 1921) and consisting simply 
of two masses connected by a spring and a 
damping device. The coupling of two such 
systems is exemplified in the well-known Fes- 
senden oscillator. Reciprocal arrangements, in 
which two resonators are connected by a neck, 
are also considered. 


534.321.9 1842 

Experimental Ultrasonics: Parts 1 & 2—S. 
Y. White. (Audio Eng., vol. 33, pp. 20-23, 
45 and 24-25, 41; March and April, 1949.) 
Part 1: Design, construction, and operation of 
the Hartmann whistle. Part 2: Discussion of 
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small pickups such as those used for probes, 
with due allowance for the wide frequency 
range normally required. 


534.321.9:537.228.2 1843 

Ultrasonics and Electrostriction —11. Fal- 
kenhagen. (Z. Angew. Phys., vol. 1, pp. 304- 
306; March, 1949.) Discussion of various possi- 
ble methods of using electrostriction in ultra- 
sonic transmitters and receivers, 


, 

534.41:534.78 1844 

A Photoelectric Type of Acoustic Spectro- 
graph Using Sound Film—D. Brown, C. F. 
Coleman, and J. W. Lyttleton. (Proc. Phys. 
Soc., vol. 62, pp. 149-162; March 1, 1949.) An 
optical method in which a continuously moving 
sound film is analyzed by means of a frequency- 
»canning disk; the resulting oscillograph pat- 
tern is photographed on another moving film 
Typical analyses, mainly speech patterns, are 
reproduced and discussed. Advantages include 
the ability to record the amplitude and phase 
of each component, and to change the analyzing 
convention in any desired manner. Resolving 
power, spectral line profiles, and amplifier 
bandwidth requirements are also considered. 


534.43:621.395.813 1845 

Cost vs. Quality in A.F. Circuits-]. M. 
Van Beuren. (FM-TV, vol. 9, pp. 31-32, 34; 
February, 1949.) ''Carefully-chosen compo- 
nents and well-designed circuits can give a big 
improvement [in quality] at very small cost." 
Three high-quality af amplifiers are discussed, 
with diagrams and component details. 


534.76:621.395.625.6 1846 

Experiment in Stereophonic Sound —1.. D. 
Grignon. (Jour. Soc. Mot. Pic. Eng., vol. 52, 
pp. 280-292; March, 1949. Discussion, p. 292.) 
S.M.P.E. 1948 Convention paper. Discussion 
of the special microphone technique required 
for recording for reproduction in a cinema. 
Essentially the same paper is reproduced in 
FM and Telev., vol. 9, pp. 28-30; April, 1949. 


534.78:621.396.619.13/.14 1847 

Ratio of Frequency Swing to Phase’ Swing 
in Phase- and Frequency-Modulation Systems 
Transmitting Speech—Gannett and Young. 
(See 2048.) 


534.83 1848 

Noise and its Measurements—lI]. G. M. 
Spratt. (Elec. Rev. (London), vol. 144, pp. 
565-567; April 8, 1949.) A short account of the 
principal features and functions of the sound- 
level meter Type 1400, af analyzer Type 1401, 
and vibration meter Type 1402, made by the 
Dawe Instrument Co. 
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534.844.4 1849 

A Comparison of the Acoustics of the Phil- 
harmonic Hall, Liverpool, and St. Andrew’s 
Grand Hall, Glasgow—T. Somerville. (BBC 
Quart., vol. 4, pp. 41-54; April, 1949.) The 
acoustic properties of the halls are expressed in 
terms of reverberation time, and various meth- 
ods are discussed for measuring this quantity, 
which depends on the frequency of measure- 
ment and the alignment of the directional 
microphone used. The results are correlated 
with the constructional details of the halls, and 
with subjective observations. 


534.845 1850 
On the Theory of the Reflection of Sound 
by Porous Media—J. Korringa, R. Kronig, and 
A. Smit. (Physica, 's Grav., vol. 11, pp. 209-230, 
December, 1945. In English.) An extension of 
recent investigations by Zwikker and his col- 
laborators (3321 to 3324 of 1948) to a medium 
consisting of a large number of identical rigid 
spheres, with infinite heat capacity and thermal 
conductivity, arranged in a cubic lattice. 


534.86:621.397.5 1851 

Audio Technique in Television Broadcast- 
ing—R. H. Tanner. (Audio Eng., vol. 33, pp. 
9-13, 44; March, 1949.) 


621.395.61/.62 1852 

Considerations on Electroacoustic Trans- 
ducers and Some Conclusions, with Practical 
Examples—W. Bürck. (Funk und Ton, vol. d 
pp. 187-201; April, 1949.) General theory of 
electrodynamic, electromofive, and electro- 
Static devices, with particular reference to 
efficiency. The conclusions are applied to dis- 
cussion of the dynamic loudspeaker and the 
dynamic microphone. 


621.395.61 1853 

An Omnidirectional Microphone—J. K. 
Hilliard. (Audio Eng, vol. 33, pp. 20-21, 
April, 1949.) The microphone is 0.6 inch in 
diameter and 0.4 inch thick; it weighs less than 
1 oz. lt is based on electrostatic rather than 
electromotive principles, and is little affected 
by blast, iron filing damage, or magnetic induc- 
tion. In sound reinforcement applications, 4 db 
more gain is obtainable than with other non- 
directional microphones. 


621.395.61 1854 

Single-Element Unidirectional Microphone 
—H. F. Olson and J. Preston. (Jour. Soc. Mot. 
Pic. Eng., vol. 52, pp. 293-302; March, 1949.) 
Developed for use in sound-film recording, with 
the following characteristics: single-ribbon 
type; the back of the riBbon is coupled to a 
damped folded pipe and an acoustical imped- 


| 
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ance in the form of an aperture; improved 
cardioid directional pattern; increased output; 
reduced weight; reduced wind-noise response. 


621.395.623.7 1855 

Modern Loudspeaker Technique-—M. 
Alixant. (Radio Tech. Dig. (Frang), vol. 3, 
pp. 83-99; April, 1949. Bibliography, pp. 99- 
101.) A short discussion of the fundamental 
theory of electrodynamic loudspeakers, with 
tabulated data for the principal permanent- 
magnet alloys and lists giving some details of 
permanent-magnet and electromagnetic loud- 
speakers manufactured in France. Modern 
types of American and British loudspeakers are 
reviewed briefly. 


621.395.625.2:621.396.712 1856 
Disc Recording for Broadcast Stations —W. 
J. Mahoney. (Audio Eng., vol. 33, pp. 9-13, 46; 
April, 1949.) Discussion of the system designed 
for new studios at WSAI, Cincinnati, and of the 
practical problems involved in designing a 
complex system of recording equalizers. 


ANTENNAS AND TRANSMISSION 
LINES 


621.315.212:621.397.5 1857 

The London-Birmingham Television Cable: 
Part 2 Cable Design, Construction and Test 
Results CH. Stanesby and W. K. Weston. 
(P.O. Elec. Eng. Jour., vol. 42, part 1, pp. 33- 
38; April, 1949.) Details of the experimental 
work on the design and manufacture of the 
cable, the production of factory lengths, and 
the jointing technique used for completing re- 
peater sections. Test results on typical sections 
are also discussed. Part 1: 1279 of June. 


621.392.261 1858 

Reflection of H, Waves at a Sudden 
Change of the Cross-Section of a Rectangular 
Waveguide—K. Fränz. (Frequenz, vol. 2, pp. 
227-231; September, 1948.) A formula for the 
reflection coefficient is derived which depends 
on the waveguide dimensions and is analogous 
to that for reflection at the junction of two 
parallel Lecher-wire systems of the same 
breadth but with their ends at different levels. 
At the reflection point, a local capacitive field 
exists. 


621.396.67 1859 
The General Problem of Antenna Radiation 
and the Fundamental Integral Equation, with 
Application to an Antenna of Revolution: 
Parts 1 & 2—G. E. Albert and J. L. Synge; J. 
L. Synge. (Quart. Appl. Math., vol. 6, pp. 117- 
156; July, 1948.) Part 1: Radiation in a finite 
cavity is discussed, and an integral equation is 
obtained which has the same form as the basic 
integral equation for an antenna. The latter 
M equation reduces to a simple explicit form for an 
antenna with axial symmetry. The application 
of the results to actual radiating systems is dis- 
cussed. Part 2: The importance of the gap is 
emphasized; for a fuller investigation gee 24 of 
1948 (Infeld). Thin antennas are considered; 
the current is shown to be approximately 
sinusoidal outside the gap. A shape term is in- 
cluded for the case when the gap is not at the 
center, and is calculated explicitly for certain 
simple shapes. A method of successive approxi- 
mations is algo described for dealing with any 
antenna, thin or thick. 


621.396.67 1860 

The Helical Antenna—J. D. Kraus. (Proc. 

we R.E., vol. 37, pp. 263-272; March, 1949.) The 

helix is considered as a fundamental form of 

antenna and the variation of radiation pattern 

and type of polarization with change in helix 

dimensions are discussed. For the axial mode, 

| the radiation pattern and terminal impedance 
are maintained over a wide frequency range. 


. 621.396.67:621.396.11 
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621.396.67 1861 
A V.H.F. Helical Beam Antenna—H. E. 
Taylor and D. Fowler. (CQ, vol. 5, pp. 13-16; 
April, 1949.) Design details for an antenna for 
the 144- to 148-Mc range, with circular 
polarization and gain of 11.5 to 13 db. 


621.396.67 1862 

Optimum Design of a Cylindroparabolic 
Reflector—G. Klages. (Frequenz, vol. 2, pp. 
151-154; June, 1948.) The Kirchhoff-Huyghens 
principle is used to calculate the zones on the 
surface of the reflector which reduce, by inter- 
ference, the radiation along the axis. The 
formulas obtained enable reflectors to be de- 
signed with optimum gain. 


621.396.67:538.56:535.13 1863 

The Radiation and Transmission Properties 
of a Pair of Semi-Infinite Parallel Plates: 
Part 1—Heins. (See 1920.) 


1864 

Ground Absorption with Elevated Vertical 
and Horizontal Dipoles—R. E. Burgess. 
(Wireless Eng., vol. 26, pp. 133-139; April, 
1949.) The fraction of the power absorbed in 
the ground is calculated for dipole heights 
which are large compared with the wavelength. 
The dipole is assumed to have a sine-law polar 
diagram and the energy flow into the ground is 
evaluated using the Fresnel reflection coef- 
ficients which depend upon the wave polariza- 
tion. The absorption factors are determined for 
limiting values of ground permittivity. The 
ground absorption for a vertical dipole is a 
very slowly varying function of the electrical 
properties of the ground and is very nearly 0.4 
for most practical conditions. It is appreciably 
greater than that of a horizontal dipole on ac- 
count of the Brewster phenomenon. The results 
obtained are compared with those derived 
earlier by Strutt, Niessen, and Sommerfeld 
and Renner. 


The noise in an antenna system due to - 


thermal radiation from the ground is evaluated 
directly using thermodynamical principles and 
is shown to be consistent with the value de- 
rived by application of the reciprocity princi- 
ple. 

Brief consideration is given to the ground 
absorption for antenna arrays. 


621.396.671 1865 

Driving Point Impedance of a Vertical 
Cylindrical Radiator and Concentric Ring of 
Subsidiary Radiators over Perfectly Conduct- 
ing Earth: Parts 1 & 2—H. Cafferata. (Mar- 
coni Rev., vol. 12, pp. 12-20 and 57-67; Janu- 
ary to March and April to June, 1949.) 
Hallén's integral equation method is applied, 
with particular reference to an approximate 
solution for the case of 3 small subsidiary 
radiators symmetrically arranged round the 
main antenna and with base connections to it, 
the radius of the ring being small compared to 
à. See also 854 of 1946 (Harrison). 


621.396.671 1866 

Measurement of Gain of Electromagnetic 
Horns—A. S. Dunbar and M. D. Adcock. 
(Jour. Appl. Phys., vol. 20, pp. 226-227; Feb- 
ruary, 1949. Criticism of 1600 of July (Watson 
and McKinney), and discussion of an alterna- 
tive method involving measurement only of the 
ratio of received to transmitted power. 


621.396.671 1867 
Mutual Impedance of Parallel Aerials —-G. 

Barzilai. (Wireless Eng., vol. 26, p. 73; Feb- 

ruary, 1949.) Corrections to 648 of April. 


621.396.677 1868 

Metallic Delay Lenses—S. S. D. Jones and 
J. Brown. (Nature (London), vol. 163, pp. 
324—325; February 26, 1949.) Kock's formula 
(2176 of 1948) for the refractive index n is 
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found experimentally to give a value 18 per cent 
too low. The new formula 


n1 — 1-- (2d/ ra)ylogecosec(rb/2d), 


where a, b and d are dimensions of the lens 
structure, is based on the assumption that the 
refracting medium behaves like a transmission 
line. The formula is valid for the wavelength 
range within which » is constant. Observed 
values of agree with those predicted by this 
formula within the limits of experimental ac- 
curacy. 


621.396.677 1869 

Directional Antenna for the 152-162-Mc 
Communications Band—J. S. Brown and V. J. 
Moffatt. (Communications, vol. 29, pp. 14-16, 
35; March, 1949.) A corner-reflector type with 
vertical polarization, in which two sets of 
parallel rods, spaced 0.1 À apart in two vertical 
planes, are used instead of metal sheets. [t has 
a unidirectional radiation pattern, a gain of at 
least 6 db over a À/2 dipole and a voltage 
SWR «1.5 over the whole frequency band. The 
feeder cable can have any impedance between 
50 and 752. 


CIRCUITS AND CIRCUIT ELEMENTS 


621.3.015.3:621.314.6 1870 

Voitage Surges Produced in Rectifiers hy 
Starting without Load—T. Douma. (Communi- 
cation News, vol. 9, pp. 121-125; August, 
1948.) If a high-voltage rectifier with low 
damping is started without load, voltage surges 
up to four times tlie peak transformer voltage 
can occur across the tubes, and the voltage on 
the smoothing capacitors can be twice the peak 
alternating voltage of the transformer. These 
surge voltages are at least double those en- 
countered under normal operating conditions. 
They can be avoided by applying damping to 
the input choke and providing the smoothing 
capacitors with a suitable series resistance 
which can be short-circuited after the rectifier 
has been switched on. 


621.3.09:621.397.5 1871 

Attentuation and Phase Distortion and Their 
Effect on Television Signals—G. Fuchs and V. 
Baranov. (Cábles and Trans. (Paris), vol. 3, 
pp. 194-207; April, 1949.) An examination of 
the relations between small attenuation and 
phase distortions and the deformation of the 
response curve of a television receiver. In one 
method, the distortion versus frequency char- 
acteristic is treated as a whole, while in a second 
method this characteristic is split up into a cer- 
tain number of elementary sections. Practical 
limits for these distortions are calculated and 
the theoretical results are applied to 450-line 
and 1,100-line television systems. 


621.314.2.012.8 1872 

The Transformer and its Equivalent Repre- 
sentation—P. G. Violet. (Frequenz, vol. 3, pp. 
1-12; January, 1949.) A general treatment 
based on quadripole theory. Matrices for the 
ordinary and the ideal transformer are given 
and the various equivalent schemes are ex- 
plained and compared. The application of 
circuit equivalente for measurement purposes 
and for filter calculations is considered, in par- 
ticular for filters whose branches consist of 
oscillatory circuits. The equivalents for trans- 
formers with two secondary windings are given 
and comparison is made with the norinal single- 
secondary transformer. 


621.314.3T 1873 

The Basic Considerations in the Design of 
Push-Pull Magnetic Amplifiers——M. A. Rozen- 
blat. (Avtomatika i Telemekhanika, vol. 10, pp. 
32-50; January and February, 1949. In Rus- 
sian.) Discussion of amplifiers of the differential 
bridge, and transformer types (Figs. 1, 2, and 3 
respectively) with loads taking ac. Their opera- 
tion is discussed and the conditions for obtain- 
ing maximum values of both power output and 
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implication. factor are established. Methods 
are indicated for determining the optimum 
operating conditions for a given core material. 
An example of the design procedure is given, 
together with experimental results. dor. the 
ainplifier so designed. 


621.316.86 1874 

Cracked-Carbon Resistors—R. W. Wilton. 
(FM-TYV, vol. 9, p. 29; February, 1949.) Brief 
discussion of the characteristics of resistors 
inade by the Welwyn Electrical Laboratories, 
by the pyrolitic process of depositing carbon on 
porcelain. Nonlinearity hardly exists. The re- 
sistance value is controlled by the cracking 
temperature, the hydrocarbon content of the 
gas mixture, and the time of exposure of tlie rod 
in the cracking zone. Such resistors are cheaper 
than wire-wound resistors for ratings up to 2 to 
4 watts, and inductive effects are almost absent 
from high-value resistances, for which helical 
grooves may be used. Resistance values are ac- 
curate within +1 per cent, voltage and tem- 
perature coefficients are low, and long-term sta- 
bility is high. High-gain amplifiers using these 
resistors have little high-level hiss. 


621.316.86 1875 

Results of an Investigation of the Volt- 
Ampere Characteristics of Some Nonlinear Re- 
sistors—M. A. Topchibashev. (Avtomatika i 
Telemekhanika, vot. 10, pp. 13-24; January and 
February, 1949. In Russian.) The division of 
nonlinear resistors into two main groups 
(varistors and thermistors) is considered; their 
Properties can be best represented by their 
volt-am pere characteristics. The equation de- 
scribing these is of the form Z= AV? where A 
is called the coefficient of nonlinearity and a the 
index of nonlinearity. Analytical and graphical 
methods for determining A and @ are discussed. 
Results of an experimental investigation of a 
number of these resistors are summarized in 
two comprehensive tables showing A, a, and 
the maximum errors for given voltage ranges. 


621.318.42 1876 

Axial Field and Supplementary Losses of 
Inductance Coils without Iron—J. Rezelman. 
(Rev. Gén. Elec., vol. 58, pp. 154-162; April, 
1949.) Formulas and curves are given for circu- 
lar coils of rectangular winding cross section 
with experimental results. 


621.318.572 1877 

A New Pulse-Amplitude Discriminator 
Circuit—E. II. Cooke-Yarborough. (Jour. Sci. 
Instr., vol. 26, pp. 96-97; March, 1949.) The 
circuit described discriminates against pulses 
smaller than those to be counted. The dead 
time is a known constant, so that counting 
losses can be accurately determined without 
complete knowledge of the resolving time of 
other equipment in the counting chain. These 
counting losses are calculated and the condition 
for the counting rate to be independent of the 
input pulse width is deduced. 


621.318.572:621.396.1 1878 

An Electronic Switch for Diversity Re- 
ception—H. V. Griffiths and R. W. Bavliff. 
(BBC Quart., vol. 4, pp. 57-64; April, 1949.) 
The dual-diversity switch has a discriminator 
which monitors the signals received on two re- 
ceivers and controls a gating circuit which 
blocks the output from the receiver carrying 
the weaker signal and passes that from the re- 
ceiver carrying the stronger signal. Circuit 
details are given of this switch and of a similar 


device for operation with three receivers 
(triple-diversit y). 
621.319:679.5 1879 


Design and Performance Characteristics of 
'"Electrets"—E. D. Padgett. ( Tele- Tech, vol. 8, 
pp. 36-39; 63; March, 1949.) See also 1307 of 
June. 
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621.319.4 1880 

Capacitors with Cylinders of Different Ex- 
pansion Coefficients for Compensation of the 
Dependence of Capacitance on Temperature 
A. Rohuinann, (Funk und Ton, vol. 3, pp. 230 
233; April, 1949.) Design formulas are given, 
with numerical examples and tabulated tem 
perature coefficients of capacitance for capac i- 
tors with outer cylinder of brass (37 per cent 
Zn) and inner cylinder cither of copper ar of 
brass with Zn content ranging trom 28 1 to 37 
per cent, The coeficient is zero tor a capacitor 
with Cu iuner cylinder and radii ratio ot 1.104, 
and also for one with brass inner cylinder (31.1 
per cent Zn) and radii ratio of 1.02. 


621.319.4:621.315.59 1881 

On the Use of Semiconducting Liquids for 
Impregnating Paper Capacitors —Renne. (See 
1969.) 


621.392 , 1882 

General Impedance-Function Theory —1'. 
l. Richards. (Quart, Appl. Math., vol. 6, pp. 21 
29; April, 1948.) Discussion of methods of ex- 
tending lumped-constant. ünpedance-functión 
theory to distributed-constant circuits. 


621.392:621.396.619.13 1883 
A Simple Method of Calculation for Electri- 
cal Circuits Carrying Frequency-Modulated 
Voltages—J. W. Alexander. (Communication 
News, vol. 9, pp. 33-38; December, 1947.) An 
approximate simplification of Vellat’s method 
(79 of 1942), accurate in general Within 10 per 
cent for the final result. The important parame- 
ters governing the accuracy are the “‘swing- 
factor," or tatio of the maximum frequency 
deviation to the maximum modulation fre- 
quency, and the bandwidth factor, or ratio of 
the bandwidth to the double swing. Calcula- 
tions are made as for a circuit in which the vol- 
tage varies sinusoidally at frequency f, and f is 
replaced by the instantaneous frequeney in the 
final result. The distortion for a tuned circuit 
with and without limiter, and for a bandpass 
filter, is calculated by this and by other 
methods and the results are compared. 


621.392.43 1884 

A Balanced-to-Unbalanced Matching Unit 
for High Frequencies—]. W. Whitehead. 
(Jour. Sci. Instr., vol. 26, pp. 71-73; March, 
1949.) A circuit for matching an unbalanced 
circuit to a balanced resistive circuit is investi- 
gated theoretically and practically. Component 
values for a particular case are derived. Ex- 
perimental units on the same principles have 
been built with certain inductances and ca- 
pacitances variable; they have been used suc- 
cessfully with a 3.5-kw transmitter throughout 
the frequency range 2.5 to 20 Me. These units 
can easily be constructed, and adjustments for 
large changes of frequency can quickly be made 
since coil changing is unnecessary. 


621.392.43 1885 

Impedance Transformation by Means of 
Cables—W. Burkhardtsmaier. (Funk und Ton, 
vol. 3, pp. 151-167 and 202-213; March and 
April, 1949.) Discussion of the use of sections of 
cable, with characteristic impedance. variable 
along their length, as impedance transformers. 
Two types are considered; in the first, the im- 
pedance varies stepwise from one end to the 
other, while in the second, the impedance varia- 
tion is uniform. Such transformers can be used 
with advantage not only for long and medium 
waves, but also for short waves if suitably de- 
signed. Design formulas are derived and practi- 
cal types of equipment for concentric cables 
and twin conductors are described. In many 
cases, better results can be obtained by the ad- 
dition of compensation uníts at each end of the 
transformer section. The design of such units is 
also considered. 
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621.392.5 1886 

On the Synthesis of the Most General 
Passive Quadripoles—R. Leroy., (Câbles and 
Trans, (Paris), vol. 3, pp. 141-158; April, 
1949.) The matrices of the impedances or ad- 
mittances of passive quadiipoles are “positive 
real matrices, The construction of quadiipoles 
from such matrices is straighttornward when 
their elements comprise only two types of ime 
pedance, but this is not the case when the 
matrices include resistances, inductances, and 
also capacitances. The possibility of obtaining 
passive quadtipoles corresponding to such 
matrices was shown by Gewerts (Jour, Math, 
Phys., vol. 12, pp. 1-254; 1932 1933) whose 
paper appears to-day to be largely ignored by 
technicians. Gewertz studies a particular class 
ot matrices in which the determinant of the 
even parts of the elements is zero and tor which 
he gives a method of reduction. He also shows 
that the representation of every “positive real” 
matrix can be referred to a matrix of this class. 

The present paper, by more systematic ap- 
plication of the theory of functions and of "posi 
tive real” matrices, simplifies the results of 
Gewertz and gives physical reasons for certain 
propertics, sometimes established by formal 
calculus, which may not appear altogether 
satisfactory. Gewertz' method is also applied 
to the realization of effective impedances, See 
also 2539 of 1940, 1627 and 3017 of 1941 
(Cauer) and 1887 below. 


621.392.5 1887 

Reactive Ladder Networks —). Ville. 
(Cábles and Trans. (Paris), vol. 3, pp. 159-176; 
April, 1949.) A theoretical analysis based on the 
properties of the input impedance of ladder 
networks terminated by an ohmic resistance, 
This impedance only defines a network with a 
limited number of cells, which are all-pass. All- 
pass cells which cannot be realized by ladder 
construction are essentially of the lattice type. 

Systematic use is made of shunt frequencies, 
for which the shunt arms of the ladder network 
are short-circuited, cutting out the terminal 
ohinic resistance; the input impedance then re- 
sembles a reactance and the shunt frequencies 


can, therefore, be determined a priori by find- 


ing the frequencies for which the input imped- 
ance has the properties of a reactance. The 
shunt frequencies are roots of the equation 
whose first member is obtained by equating to 
zero the even part of the input impedance. 
Comment on certain parts of the paper is made 
by R. Leroy. See also 2190 of 1948 and 1886 
above (Leroy). 


621.392.52 1888 

Introduction to the Operating-Parameter 
Theory of Filter Calculation —C. W'isspeintner. 
(Frequenz, vol. 2, pp. 131-140, 154 163, 190- 
199, and 210 214; May to August, 1948.) The 
principal results of the mathematical theory of 
filters are presented in as simple a form as possi- 
ble to make them readily available to the prac- 
tical engineer, Quadripole theory is first con- 
sidered and in this the usual complex quantities 
are denoted by German characters, while 
Roman type is used in the treatment of the 
operating-parameter theory. The wave-param- 
eter theory of quadripoles includes discussion 
of the properties of various types of filter. In 
Practice, it is seldom possible to terminate a 
filter with its characteristic impedance and, in 
consequence, reflections occur which affect the 
attenuation both within and outside the pass 
band. The operating-parameter theory takes 
account of such reflections. The relation be- 
tween over-all, current, and voltage attenua- 
ton is discussed and also echo attenuation, The 
determination of the no-load resistance for a 
Riven attenuation is explained in detail with 
the aid of numerous diagrams, Application of 
the theory is illustrated by numerical calcula- 
tions for many different types of filter. Results 


I 


i 
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for a particular band-pass filter are in fairly 
good agreement with measurements. 


621.392.52 1889 

Variable Bandwidth Crystal Filters—B. 
Sandel. (Radiotronics, pp. 78-87; September 
and October, 1948. The behavior of the 
equivalent circuit of a quartz crystal is dis- 
cussed. For best over-all selectivity, the shunt 
capacitance in this circuit should be neutralized 
and practical arrangements for achieving this 
are described. To vary the bandwidth, a tuned 
circuit should be used as the load for the filter; 
the dynamic impedance of this circuit can be 
altered by the insertion of series or parallel 
resistors. The stage gain is calculated, with due 
allowance for bandwidth change. A design 
example is discussed in detail. 


621.392.52 1890 

The Input Impedance of Some Low Pass 
Filters with Resistance Terminations, with 
Reference to Class '*B" Modulator Applica- 
tions—H. R. Cantelo. (Marconi Rev., vol. 12, 
pp. 41-56; April to June, 1949.) The properties 
of certain m-derived filters terminated by a 
load of constant resistance are examined at 
frequencies up to 1.5 times the cutoff fre- 
quency. With a preferred configuration of filter, 
the secondary leakage inductance of the modu- 
lation transformer can be included as part of 
the filter system. Formulas and curves are 
given for 3 types of filter. The attenuation and 
phase shift between input and output of the 
filter system are also calculated. 


621.392.52:621.395.44 1891 

Telephony Filters and the Effect of Ter- 
mination and Losses on Their Characteristics: 
Parts 1 & 2—J. F. Schouten. (Communication 
News, vol. 9, pp. 61-69 and 97-106; April and 
August, 1948.) If we assume that all the ele- 
ments of a reactive network have the same loss- 
factor, the problem of calculating the effect of 
these losses on the network can be reduced to 
that of determining a function of a complex 
argument when the function is known for an 
imaginary argument. Three methods of solution 
are discussed: (a) the method of the perpendicu- 
lar derivative, based on the differential expres- 
sions of Cauchy and Riemann, (b) representa- 
tion, based on Laplace's differential equations, 
of the attenuation and phase of a filter by 
means of soap-film models, and (c) an inter- 
pretation, based on Cauchy's integral, anal- 
ogous to a blurred image in optics. 

Within certain limits, a relation exists be- 
tween the attenuation and phase in a network, 
as a function of frequency; this relation is ul- 
timately based on the causal relation between 
the input and output voltage. The soap-film 
method is applied to several common types of 
simple filter which can be considered as proto- 
types of more complex filters. 


621.392.52:621.396.621:621.396.5 1892 

Application of Crystal Filters in (Telegra- 
phy] Receivers—F. Maarleveld. (Tijdschr. 
ned. Radiogenoot., vol. 14, pp. 41-55; March, 
1949. Discussion, p. 56. In Dutch with English 
Summary.) The filters are designed for an 
if of 100 kc and bandwidtha of 50, 250, 500, 
and 1,500 cps respectively. Design formulas 
are tabulated. See also 2041 below. 


621.395.667 : 621.397.6 1893 

Phase and Amplitude Equalizer for Televi- 
sion Use—E. D. Goodale and R. C. Kennedy. 
(RCA Rev., vol. 10, pp. 35-42; March, 1949.) 
Describes an equalizer of variable frequency 
response. Two amplifiers having resonant-cir- 
cuit loada of variable damping and resonance 
frequency are used for amplitude equalization. 
To compensate for the phase distortion in the 
applied signal and for that produced in the 
amplitude equalizer, amplifiers with varlable 
phase shift and constant gain are used. 


Abstracts and References 


621.396.611.3 1894 

Oscillator Power Variation and Frequency 
Pull-In—L. S. Schwartz. (Tele-Tech, vol. 8, 
pp. 30-32, 57; January, 1949.) An analysis of 
the effect of coupling variation for a mis- 
matched feeder and an oscillator. Curves show 
how the oscillator power varies with coupling 
coefficient and SWR. Results of measurements 
using a lighthouse triode and cavity resonator 
are also included. 


621.396.615 1895 

Frequency Variation of a Crystal-Bridge 
Oscillatotr—W. Herzog. (Arch. Elek. (Uber- 
tragüng), vol. 2, pp. 357-361; December, 
1948.) A simple bridge arrangement in the grid 
circuit of a tube oscillator enables a considera- 
ble variation of the crystal resonance fre- 
quency to be achieved. An auxiliary parallel 
circuit may be used to suppress one of the two 
possible oscillation frequencies. 


621.396.615 1896 
Variable Frequency R-C Oscillators—F. 
Butler. ( Electronic Eng., (London), vol. 21, pp. 
140-142; April, 1949.) Discussion of phase- 
shift types having a frequency-selective net- 
work associated with a suitable amplifier. A 
practical oscillator circuit for the frequency 
range 250 to 5,000 cps is described in detail. 


621.396.615:621.384.612.1f 1897 

Pulsed Oscillator for F.M. Cyclotron—]J. 
W. Burkig, E. L. Hubbard, and K. R. Mac- 
Kenzie. (Rev. Sci. Instr., vol. 20, p. 135; Feb- 
ruary, 1949.) 


621.396.615:621.396.619.13 1898 

Single-Valve Frequency-Modulated Oscil- 
lators: Parts 1 & 2—K. C. Johnson. (Wireless 
World, vol. 55, pp. 122-123 and 168-170; 
April and May, 1949.) Part 1: A coil in the 
anode circuit of a pentode, coupled inductively 
to the cathode circuit, is used to modulate the 
effective value of the main tuning inductance 
without disturbing the oscillatory circuit seri- 
ously. The amplitude of oscillation can be very 
nearly constant over frequency ranges at least 
as great as +15 per cent and at central fre- 
quencies up to 10 Me, since all the effects of 
circuit capacitance can be tuned out and the 
tube input capacitance is unimportant. 

Part 2: Details of design and operation. 


621.396.615.17 1899 

Theoretical and Experimental Study of a 
Generator of Periodic Slave-Frequency Elec- 
trical Pulses—R. Legros. (Rev. Gén. Elec., vol. 
58, pp. 143-154; April, 1949.) Two circuits are 
discussed, of which one is an amplifier-limiter 
transforming an input voltage of variable 
wave form, amplitude, and frequency into a 
aquare-wave voltage of the same frequency, 
but almost constant wave form and maximum 
amplitude. The second circuit is a pulse gener- 
ator operated by this square-wave output and 
providing pulses of duration short compared 
with their recurrence period. Amplifier-limiter 
circuits using (a) diodes, (b) pentodes as 
limiters are investigated; neither diodes nor 
pentodes are entirely satisfactory by them- 
selves, but a combination of the two gives 
excellent results. Pulses obtained by use of a 
RC differentiator circuit are shown to be prac- 
tically independent, as regards peak voltage 
and pulse shape, of the initial voltage wave 
form applied to the amplifier limiter. 


621.396.615.17:621.317.755 1900 

A Linear Resistance-Charged Gaa Relay 
Time Base--E. J. HB. Willey. (Flectronic 
Eng. (London), vol. 21, p. 101; March, 1949.) 
A circuit designed to avoid the type of trans- 
former ordinarily used, which has one winding 
very well insulated and also screened to mini- 
mize the risk of pickup in the sensitive grid and 
cathode circuits of the relay. Full component 
details are given. 
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621.396.615.17:621.317.755 1901 

A Wide-Range Saw-Tooth Generator— P. 
G. Sulzer. (Rev. Sci. Instr., vol. 20, pp. 78-80; 
January, 1949.) Description of a circuit which 
can be used as a timebase at frequencies be- 
tween 15 cps and 500 kc, with good linearity 
and rapid flyback. A cathode-coupled multi- 
vibrator is modified by including a parallel RC 
combination in the cathode lead of the first 
tube. 


621.396.615.17:621.385.032.24 1902 

Grid Current with RC Coupling—H. T. 
Ramsay. (Wireless Eng., vol. 26, pp. 113-118; 
April, 1949.) A mathematical analysis of the 
effect of grid current on the performance of a 
cathode-coupled multivibrator (Schmitt) cir- 
cuit, to find the optimum values for the compo- 
nents for operation at a given minimum fre- 


quency. Experimental results support the 

theory. 

621.396.645 1903 
High-Frequency Amplifier Stages, with 


Particularly High Sensitivity and Cut-Off 
Sharpness, for Short-Wave and Ultra-Short- 
Wave Apparatus—H. Rückert. (Arch. Elek. 
(Übertragung), vol. 3, pp. 24-31; January, 
1949.) Discussion with particular reference to 
input-circuit design, noise factor, and the effect 
of feedback. Results with a circuit of high 
sensitivity are given and also a few data for 
some suitable pentodes. 


621.396.645 1904 

10-kw. F.M. Broadcast Amplifier—J. R. 
Boykin. (FM-T V, vol. 8, pp. 18-20; December, 
1948.) A grounded-grid amplifier, whose anode 
voltage is only 3,700 volts. Two triodes, Type 
WL3X2500A-3, are used. An apparent effi- 
ciency of 100 per cent is achieved in the fre- 
quency band 88 to 108 Mc. 


621.396.645:537.311.33:621.315.59 1905 

Some Novel Circuits for the Three- 
Terminal Semiconductor Amplifier—W. M. 
Webster, E. Eberhard, and L. E. Barton. 
(RCA Rev., vol. 10, pp. 5-16; March, 1949.) 
Equivalent circuits for dc and ac are proposed 
fora transistor. The ac circuit is a T-network of 
resistances between base, emitter (positive 
electrode), and collector (negative electrode) 
with a generator in series with the collector. 
The generator has an emf u times the voltage 
developed across the emitter resistance by the 
emitter current. Three amplifier connections 
are analyzed. The first, already described by 
Bardeen and Brattain (264 of February) has 
the base as a common electrode, with input to 
the emitter and output from the collector. The 
two new connections, which have input and 
output impedances more suitable for most 
purposes, have the input to the base, and out- 
put respectively from the emitter and the col- 
lector. These connections are applied to a 
direct-coupled amplifier, a 2-terminal oscillator, 
a relaxation oscillator, and a flip-flop circuit. 


621.396.645:539.16.08 1906 
A Simple Counter-Tube Amplifier —IHI. 
Goldstein. (Z. Angew. Phys., vol. 1, pp. 329- 
330; March, 1949.) A 2-tube amplifier suit- 
able for operating a counting mechanism is 
described; its usefulness is limited by rela- 
tively low gain. A similar 3-tube circuit has 
adequate gain for most purposes. Both ampli- 
fiers are designed for 200-volt anode supply. 


621.396.645:621.317.733 1907 

An Amplifler for Use with Conductance 
Bridges—D. J. G. Ives and R. W. Pittman 
(Trans. Faraday Soc., vol. 44, pp. 044-646; 
September, 1948.) Two amplifying channels 
are used, one being fed with the bridge signal 
plus the inseparable interference and the other 
with interference alone, collected by an antenna 
near the bridge. The outputs are combined to 
cancel the interference, leaving a clear signal 
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in the final output, Full circuit details are 
given of an amplifier sensitive to a few miero- 
volts at 1,200 to 5,000 cps. 


621.396.0645: 621.383 1908 

The Development of a Photoelectric A.C. 
Amplifier with A.C. Galvanometer—J. M. W. 
Milatz nnd N. Bloembergen. (Physica, 's 
Grav., vol. 11, pp. 449-464; March, 1946. In 
English.) An ac galvanometer is fed by the 
sume ac source as that for a synchronous 
motor driving a sector disk which interrupts 
the light falling on a photo cell, This device is 
sensitive only to 50-cps ac of the right pliase. 
Fluctuations due to thermal effects were prac- 
tically eliminated by cooling the photo cell 
with liquid air. 


621.396.645.029.3 1909 

Compact 6AS7G Amplifier for Residence, 
Audio Systems—C. G. McProud. (Audio Eng. 
vol. 33, pp. 17-19, 40 and 16-19; March and 
April, 1949.) Circuit and construction details 
of an amplifier having output power about 6 
watts, switching for selecting radio or phono- 
graph input, sufficient gain and low-frequency 
equalization for low-level magnetic pickups, 
separate high- and low-frequency tone con- 
trols, and remote control facilities. 


621.396.645.371 1910 

Negative-Feedback Amplifiers— C F. 
Brockelsby. (Wireless Eng., vol. 26, pp. 43- 49; 
February, 1949.) When negatve feedback is 
applied to an ampiifier with two or more stages 
the frequency characteristic develops peaka at 
the edges of the band if a certain small amount 
of feedback is exceeded. These peaks get higher 
and sharper with increasing feedback until self- 
oscillation begins. The flatness of the frequency 
characteristic can be improved, without using 
filters, by properly distributing the gain be- 
tween the stages of the amplifier. The fre- 
quency characteristics of 2- and 3-stage ampli- 
fiers are discussed theoretically; results are con- 
firmed experimentally. It is suggested that a 
3-stage amplifier should have two identical 
wide-band stages and one narrow-band stage; 
this is contrary to the usual practice. 


621.396.662 1911 

Fixed-Frequency F.M. Tuners —F. A. 
Spindell. (FM-TV, vol. 9, pp. 16 17, 32; 
April, 1949.) A circuit diagram of the basic 


unit, model RP-23, is given and discussed, 
Models RP-24 and RP-25 have additional con- 
trol units for selecting in sequence two preset 
4udio volume levels and for switching on and 
off. The first half of a 12.4 X7 is associated with 
a bridged- T network and acts as a narrow-band 
amplifier at the control frequency. The second 
half of the 12A X7 amplifies the signal, which is 
applied to a 12AU7 operating a sensitive relay. 
This relay energizes a sequence relay which 
selects the required audio output level, 


621.396.69:061.3 1912 

Developments in Components—-(Wireless 
World, vol. 55, pp. 133-138; April, 1949.) 
Brief details of exhibits at the Radio Compo- 
nent Manufacturers" Federation 1949 exhibi- 
tion. See also Overseas Eng., vol. 22, p. 310; 
April, 1949; and Electronic Eng., vol. 21, pp 
146-149; April, 1949. 


621.396.615.17/.18--621.317.35 1913 
Waveform [Book Review]—Chance, Hughes, 


MacNichol, Sayre, and Williams. (See 2006.) 
GENERAL PHYSICS 
§35+621.396 1914 

Interference, Diffraction and Spectral 


Resolution in Optics and Radio—G. S. Gorclik. 
(Uspekhi Fiz. Nauk, pp. 407-415; November, 
1948. In Russian.) A unified conception of the 
phenomena common to both sciences. 


535.215:621.383 1915 
On Photoelectric Voltages in Light-Absorb- 
ing Materials —A. P. Snoek and C. J. Gorter. 


PROCEEDINGS OF THE LRE: 


(Physica, 's Grav, vol. 11, pp. 426 432, Feb 
tuary, 1946. In english ) 


535.215:621.383 1916 

On the Interpretation of Observations on 
the Photoelectric Voltages with Intermittent 
Light—C. J. Gorter, L. J. b. Broer, and A. F 
Snoek. (Physica, s Gray , vol 11, pp. 401 411, 
February, 1946 1n Fl nglish ) 


537.521 1917 
On the Dielectric Properties of a Gas Dis- 
charge -L. EÈ, Salpeter and R. E. B. Makinson, 
(Proc, Phys, Soe., vol. 62, pp. 180 188; March 
1, 1949.) Formal expressions are derived for the 
space currents and electrode currents obtained 
by applying a sinusoidal voltage to a pair of 
electrodes projecting into a gas discharge. 


537.521.7 1918 

Experimental Investigations of the Electri- 
cal and Optical Phenomena in Spark Break- 
down in Gases—lL:. lunfer. (Z. Angew. Phys, 
vol. 1, pp. 295-304; March, 1949 ) 


538.122 1919 
Lines of Magnetic Force Made Visible— 
(Radio Tech. (Vienna), vol. 25, pp. 259-260; 
April, 1949.) A special gas-filled diode, when 
brought near the poles of à magnet, shows the 
lines of force as luminous streaks, The electrons 
inside the tube travel along a narrow. path 
coincident with a tube of force and ionize the 
gas in the tube. The field can be plotted by 
moving the tube to different positions relative 
to the magnet poles. A tube with 8 anodes, 
giving 8 narrow election beams, is described, 


538.56: 535.13: 621.396.67 1920 

The Radiation and Transmission Properties 
of a Pair of Semi-Infinite Parallel Plates: Part 
I—A. E. Heins. (Quart, Appl. Math., vol. 6, 
pp. 157-166; July, 1948.) A plane monochro- 
matic electromagnetic wave is incident. upon 
the plates, which are assumed thin and per 
fectly conducting. The amplitude and phase of 
the wave traveling between the plates are eal- 
culated, The structure is regarded as a two 
dimensional receiving antenna and its radiation 
pattern is obtained. Its propertics as a trans- 
mitting antenna will be considered later. See 
also 2756 and 3504 of 1947 (Carlson and 
Heins). 


538.569.4:546.331.31- 145.1 1921 

Absorption of Ultra-High-Frequency Waves 
in Salt Solutions —5. K. Chatterjee and B. V. 
Sreekantan. (Indian Jour, Phys., vol. 22, pp. 
547-552; December, 1948.) For aqueous solu- 
tions of MgCl, CuSO, and KCl, the absorption 
maxima in the range 300 to 500 Mce shitt 
toward higher concentration for higher fre 
quencies. See also 3099 of 1948, 


53/54 1922 

Table of Physical and Chemica! Constants 
[Book Review]—G. W. C. Kaye and T. H. 
Laby. Longmans, Green and Co., London, 10th 
edition 1948, 194 pp., 21 s. (Proc. Phys, Soc., 
vol. 62, p. 209; March 1, 1949.) Considerable 
revision has been undertaken; the fundamental 
constants have been corrected in the light of 
recent determinations, and derived. constants 
re-calculated. 


GEOPHYSICAL AND EXTRATER-. 
RESTRIAL PHENOMENA 


523.745:550.385 1923 

Magnetic Storms and Solar Activity, 1948- 
1. W. Newton. (Observatory, vol. 69, pp. 38-40; 
February, 1949.) Provisional sunspot numbers, 
magnetic storms, and sudden commencements 
are tabulated and discussed. 


523.746: 550.38 1924 

Observational Aspects of the Sunspot- 
Geomagnetic Storm Relationships—-HI, W. 
Newton. (Mon. Not. R. Astr. Soc, Geophys. 
Supplement, vol. 5, pp. 321-335; March, 1949.) 
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Full paper, summary abstracted in 1370. of 


June. 


§38.12:521.15 1925 

The Magnetic Field of Massive Rotating 
Bodies —P. M.S Bhickett. (Phil. Mag, vol. 
40, pp. 125 150, kebrary, 1949 ) Continuation 
aud ebiborauon of 3112 of 1947 


550.38 '*1947.10/.12" 1926 

Cheltenham [Maryland] K Indices for 
October to December, 1947 -In 379 of Match 
the author's initials should be R, I. 


550.384.4:551.510.535 1927 
Daily Magnetic Variations Near the 
Equators D. b. Martyn. (Nature (London), 


vol. 163, pp. 685 686; April 30, 1949.) The ob- 
served anomalies appear to require the exist 
ence in the ionosphere ot a region ot high cle- 
trie conductivity, about 155 of latitude wide, 
encireling the world approximately midway 
between the magnetic equator (line of zero in 
dination) and the geomagnetic equator (equi: 
distant trom the magnetic poles). See also 1936 
and 2790 of 1948 (kgedal) and 710 of April 
(Chapman). 


551.510.52 1928 
The Structure of the Temperature Field ins 
Turbulent Stream—A. M. (bukhov. (Bidi. 
Acad. Sci. U.R.S.S., Sér. Géogr. Géophys., vol 
13, no. 1, pp. 58 69; 1949. In Russian ) Results 
obtained are mentioned in 2024 below. 


551.510.535 1929 

On the Connections between an Oxygen- 
Atom Zone, Ionized Layers and Radiation due 
to the Mógel-Dellinger Effect — E. Schroer. (Z 
Met, vol. 1, pp. 110-113; January and Feb- 
tuary, 1947.) Calculations based on the most 
probable values of dissociation and recombina- 
tion coefficients indicate that the oxygen-atom 
zone extends upward from a height of about 100 
km. Recombination takes place so slowly that 
the zone persists through the night. The F-laver 
may be due to photoionization of the Na mole- 
cule. Radiation in the band 661 to 765À could 
produce the #-layer by photoionization of 02; 
radiation in the band 910 to 1010 A could, 
similarly, produce a layer at a height of 60 to 
100 km with ion concentration normally in- 
sufficient for the reflection of electromagnetic 
waves. 


551.510.535 1930 

Ionospheric Disturbances and Their Ter- 
restria] effects— G. Leithtuser. (Funk und 
Ton, vol. 3, pp. 127-143; March, 1949.) A 
general discussion, with particular reference to 
observations in Germany of ionosphere layer 
heights, aurora and sporadic-F, and correlation 
with propagation phenomena and geomagnetic 
effects. 


551.510.535:523.3:621.396.11 1931 
Moon Echoes and Penetration of the Iono- 
sphere—Kerr, Shain, and Higgins. (See 2030.) 


551.510.535: 551.557 1932 
Atmospheric Currents at a Height of 120 
km—C. Hoffmeister. (Z, Met, vol. 1, pp. 33 
41; November and Decembe r, 1946.) Obesrva- 
tions extending from 1922 to 1945 are tabulated 
and discussed. At heights above 100 km in 
latitude 50! N, currents are observed i in summer 
from SSW to SW with stable velocities of about 
50 miles per second and re latively little dis- 
persion in either direction or ve locity. In winter 
two current systems are found, one identical 
with that of summer but deviated slightly 
westward, the other consisting of polar-air cur- 
rents from NW to NE, Velocities are higher in 
winter than in summer, with mean values of 
65 miles per second for the SW currents and 89 
miles per second for the northerly, The dis- 
persion in the observed values of direction and 
velocity is much greater in winter than in sum- 
mer, 21 per cent of the observed velocities ex- 
ceeded 100 miles per second; velocities above 
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200 miles per second were seldom noted; the 
highest value was 267 miles per second. Possi- 
ble explanations of the effects are suggested. 


551.510.535:621.317.79 1933 
Sweep Frequency Ionosphere Equipment— 
Sulzer. (See 2004.) 


551.510.535:621.396.11 1934 
The Ionosphere over Mid-Germany in 
February 1949—Dieminger. (Fernmelde- 


tech. Z., vol. 2, p. 94; March, 1949.) Mean 
values of the limiting frequencies and hcights 
of the E and F layers, deduced from measure- 
ments at Lindau über Northeim, are plotted 
and discussed. From February 12 to 21, the 
limiting frequency of the Fz layer was unex- 
pectedly high and on three occasions about mid- 
day exceeded 14 Mc. 


551.510.535:([621.396.61-- 621.396.621 1935 
Ionosphere Sounding [equipment|—Maguer 
(See 2069.) 


551.593.9 1936 
The Luminescence of the Atmosphere—I. 

A. Khvostikov. (Uspekhi Fiz. Nauk., no. 3, 

pp. 372-386; November, 194%, In Russian.) 


LOCATION AND AIDS TO 
NAVIGATION 


621.396.9:523.3 1937 

Detection of Radio Signals Reflected from 
the Moon—J. H. DeWitt, Jr, and E. K. 
Stodola, (Proc I.R.E., vol. 37, pp. 229-242; 
March, 1949.) The moon is considered as a 
radar target and formulas are obtained for the 
attenuation between transmitter and receiver 
antennas. An experimental equipment and 
measuring technique used for obtaining reflec- 
tions from the moon are described and results 
obtained are given. The possibility of using 
signals reflected from the moon for communica- 
tion purposes is considered. See also 2915 of 
1948 (Grieg, Metzger, and Waer). 


621.396.93 1938 

V.H.F. Automatic Direction Finder —(£»gi- 
neer (London), vol. 187, p. 197; February 18, 
1949.) A short account of the remotely operated 
installation at Brussels airport. Probable error 
should be 1 degree or less, with a range of 100 
nautical miles to aircraft at 10,000 feet. The 
development of such equipment was fully dis- 
cussed by Cleaver (1078 of May). 


621.396.93:519.271 1939 

Theory of Error Distribution: Application 
to Radio Navigational Aids—P. F. Duncan 
(Wireless Eng., vol. 26, pp. 49-52; February, 
1949.) 


621.396.93.029.62 1940 

Development of Single-Receiver Automatic 
Adcock Direction-Finders for Use in the Fre- 
quency Band 100-150 Megacycles per Second 
—R. F. Cleaver. (Elec. Commun., vol. 25, pp. 
337 -362; December, 1948.) Reprint, with minor 
additions, of 1078 of May. 


621.396.93.088 1941 

H.F. Transmitter for D.F. Measurements 
—B. G. Pressey. (Wireless Eng., vol. 26, pp. 
124-128; April, 1949.) Discussion of the princi- 
ples of design and the details of construction 
and operation of an elevated. sereened-loop 
transmitter. The loop can be rotated about a 
horizontal axis to produce a wave of known 
polarization for the measurement of the polari 
zation error of direction-finding systems. The 
parallax error that occurs if a dipole is used ae 
the radiator is thus eliminated, 


621.396.932:621.396.9 1942 

The Development of Shipborne Naviga- 
tional Radar—R. F. Hansford. (Jour. Inst. 
Nav., vol. 1, pp. 118-141; April, 1948. Discus- 
gion, pp. 141-147.) Survey based on two papers 
presented at the International Meeting whore 
report was noted in 3135 of 1947, Some of the 
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navigational data has been elaborated and the 
account has been brought up to date; possible 
future developments are discussed. 


621.396.933 1943 
Note on a Short-Range Radio Position- 
Finding System Using Modulated Continuous 
Waves—R. F. Cleaver. (Elec. Commun., vol. 
25, pp. 363-372; December, 1948.) Reprint, 
with minor additions, of 96 of February. 


621.396.933.2 1944 

Radio Distance-Measuring Equipment for 
Aerial Navigation—(Engineering (London), 
vol. 167, p. 187; February 25, 1949.) Long sum- 
mary of paper abstracted in 1402 of June 
(Busignies). 


621.396.933.2:621.396.826:621.396.619.16 
1945 
Elimination of Reflected Signal Effects in 
Pulsed Systems—D. O. Collup. ( Tele- Tech, vol. 
8, pp. 38-40, 64; January, 1949.) Multipath 
reflections can increase the apparent width of 
the shorter radar pulses in systems which de- 
pend on pulse width or pulse spacing to convey 
information. The incoming direct pulse can, 
however, be used to make the receiver insensi- 
tive to pulses whose amplitude is not constant 
over the whole pulse width. An echo-suppres- 
sion circuit of this type for a radar transponder 
beacon is described. 


621.396.933.24 1946 

Rotating Field Beacons —F. de Fremery. 
(Communication News, vol. 9, pp. 2-20; 
September, 1947.) Beacons rotated mechani- 
cally cannot provide information quickly enough 
for antenna navigation. This difficulty can be 
overcome by rotating the field electrically, and 
comparing its phase with that of a pulsating 
field, but the two fields must not have the same 
frequency as they could not then be scparated 
in the receiver. The properties of simple and 
modulated rotating fields are discussed. If two 
fields have harmonically related frequencies, 
the phase angle between them can be measured 
accurately with simple apparatus at the re- 
ceiver, and this phase angle is a multiple of the 
azimuth. A rough bearing is obtained from 
modulation with fields of frequencies fo and 2fo 
rotating in the same sense; the accurate bear- 
ing, which by itself would be ambiguous, is ob- 
tained from modulation of fields of frequencies 
fo and nfo rotating in opposite senses. Apparatus 
for transmitting and receiving such fields is 
described. 


MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788 1947 

Construction and Theoretical Analysis of a 
Direct-Reading Hot- Wire Vacuum Gauge with 
Zero Point Control—]. A. H. Kersten and H. 
Brinkman. (A ppl. Sci. Res., vol. Al, no. 4, pp. 
289-305; 1949.) Description of a gauge con- 
nected toa special bridge, unaffected by voltage 
fluctuations or changes in ambient tempera- 
ture. Pressures between 1075 and 107! mm He 
can be measured. 


531.788.7 1948 
Design of an Ionization Manometer Tube 
-D. L. Hollway. (Elec. Commun., vol. 25, 
pp. 373-385; December, 1948.) An abridged 
veraion was abstracted in 3916 of 1947. 


535.37 1949 

Luminescent Solids [Phosphors| —1!. W. 
Leverenz. (Science, vol. 109, pp. 183-195; Feb- 
ruary 25, 1949.) A general discussion of the 
properties of typical phosphors, luminescence 
mechanisin, and luminescence emission spectra. 


535.37:535.61-15 1950 

Inertia Effects in Infra-Red Sensitive 
Phosphore —F. R. Scott, R. If. Thompson, and 
R. T. Ellickson. (Jour. Opt. Soc. Amer., vol. 39, 
pp. 64 67; January, 1949.) Discussion of rc 
sults of measurements of the time required for 
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certain phosphors to acquire maximum bright- 
ness when exposed to infrared radiation. 


535.37:621.315.61.011.5 1951 

The Optical and Electrical Properties of 
Zinc Silicate Phosphors—E. Nagy. (Jour. Oft. 
Soc. Amer., vol. 39, pp. 42-49; January, 1949.) 
A close connection was found between dielec- 
tric loss and luminescence. See also 1051 of 
1948 (Szigeti and Nagy). 


537.311.33 1952 

Electron Diffraction and Rectification from 
Silicon and Pyrite Surfaces —J. M. Cowley and 
J. L. Symonds. (Trans. Faraday Soc., vol. 44, 
pp. 53-60; January and February, 1948.) For 
the best rectification, the crystal lattice should 
be almost perfect and free from fracture or 
mosaic structure. 


538.213 1953 

Permeability Decrease with Increasing 
Frequency—H. J. van Leeuwen, (Physica, 's 
Grav., vol. 11, pp. 35-42; January, 1944. In 
Dutch, with French summary.) Theoretical 
discussion. 


538.221 1954 

The Magnetic Structure of High-Conduc- 
tivity Alloys: Part 1—On Certain Peculiarities 
of the Magnetization Curves and Hystersis 
Loops of Alnico and Vicalloy—L. A. Shubina 
and Ya. S. Shur. (Zh. Tech. Fiz., vol. 19, pp. 
88-94; January, 1949. In Russian.) Part 2, 1955 
below. 


538.221 1955 

The Magnetic Structure of High-Conduc- 
tivity Alloys: Part 2—The Effect of Thermal 
Treatment on the Electrical Resistance of 
Alnico—V. I. Drozhzhina, M. G. Luzhinskaya, 
and Ya. S. Shur. (Zh. Tekh. Fiz., vol. 19, pp. 
95-99; January, 1949. In Russian.) Part 1, 1954 
above. 


538.221 1956 

The Structure and Properties of the Alloy 
Cu;MnIn— B. R. Coles, W. Hume-Rothery, 
and H. P. Myers. (Proc. Roy. Soc. A, vol. 196, 
pp. 125-133; February 22, 1949.) 


538.221:621.317.4.029.62 1957 

Ferromagnetism at Very High Frequencies: 
Part 2—Method of Measurement and Proc- 
esses of Magnetization—Jolinson and Rado. 
(See 1994.) 


538.221:621.318.22:538.652 1958 

The Cause of Anisotropy in Permanent 
Magnet Alloys—K. Hoselitz and M. McCaig. 
(Proc. Phys. Soc., vol. 62, pp. 163-170; March 
1, 1949.) Magnetostriction measurements on 
samples of Alcomax II indicate that, in the ab- 
sence of a field, the domain magnetization is 
along the easy crystallographic direction which 
makes the smallest angle with the axis of 
anisotropy. 


539.23:537.311 1959 

Measurements of the Electrical Resistance 
of Thin Films of Copper, Silver and Lead—A. 
van Itterbeek and L. de Greve. (Physica, 's 
Grav., vol. 11, pp. 78-90; February, 1944. In 
French.) Results are presented for films of 
thickness up to 100 my from room temperature 
down to the boiling point of liquid hydrogen, 
The temperature coefficient of resistance for 
Cu and Ag filme is much less than that of the 
ordinary metal and becomes negative for a 
thickness of 3 my Cu or 4.5 mp Ag. 


539.23:537.311 1960 

Measurements of the Electrical Resistance 
of Superposed Metallic Filmg— A. van Itter- 
beek and L. de Greve. (Physica, 's Grav., vol. 11, 
pp. 465-469; March, 1946. In French, with 
English summary.) The resistance of Ag/Cu or 
Cu/Ag filing agrees fairly well with that calcu- 
lated for resistances in parallel, except when the 
film first deposited is extremely thin, 
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539.23 :537.311 : 546.74 1961 

Some Measurements on Thin Films of 
Nickel—A. van Itterbeck and L. de Greve. 
(Physica, ^ Grav., vol. 11, pp. 470 474; March 
1940. In French, with English summary.) For 
the principal results see 343 and 3305 ot 1940. 


546.281.26 1962 

On the Causes of the Nonlinearity of the 
Volt-Ampere Characteristic of Carborundum- 
V. L Pruzhinina-Granovskaya, (Zh. Tekh. 
Fis., vol. 19, pp. 100 110; January, 1949, In 
Russian.) 


546.431.82 1963 

The Dielectric Behavior of BaTiO; Single- 
Domain Crystals—W. J. Merz. (Phys. Rev, 
vol. 75, p. 687; February 15, 1949.) 


549.514.51 1964 

Production of Large Artificial Quartz Crys- 
tals —1. Franke and M. H. de Longchamp. 
(Compt. Rend. Acad. Sci. (Paris), vol. 228, 
pp. 1136-1137; March 28, 1949.) An autoclave 
process is described briefly, A seed crystal is 
arranged in a cool part and quartz or fused 
silica in the hottest part of the alkaline solution 
in the vessel, the pressure in which is main- 
tained at 60 atmospheres and the temperature 
at 200 to 300°C. Homogeneous crystals 3X2 
X0.5 cm, with good electrical properties, are 
produced in 3 to 4 weeks. 


549.514.51:534.133 1965 

Notes on the Frequency-Temperature Re- 
lationship of Some Low Frequency Quartz 
Plates—D. Fairweather and N. J. Beane. 
(Marcon? Rev., vol. 12, pp. 68-80; April to 
June, 1949. Longitudinal oscillations are 
mainly considered; various types of cut are 
discussed. Flexural types of vibration are 
likely to increase in importance but more 
information is required. The Bell Telephone 
Laboratory terminology for angles of cut (sce 
1995 of 1944) is used. The constants controlling 
the form of the frequency versus temperature 
curves are derived by a method closely related 
to that of Mason (3518 of 1940), Design data 
are deduced from these and similar cui ves, and 
the relationships encountered in practice are 
discussed. 


620.197 1966 
The Climatization of Radio Equipment. 
M. A. (Radio Tech. Dig. (Frang ), vol. 3, pp. 
115-120; April, 1949.) A note reviewing modern 
methods of protection against extremes of 


temperature, humidity, fungi and insects, 
together with a list of 70 recent references. 
620.197:621.319.45 1967 


On the Climatization of the Electrolytic 
Capacitor—H. E. Miquelis. (Radio Tech. Dig. 
(Frang.), vol. 3, pp. 77 82; April, 1949.) A few 
details are given concerning capacitors of 
several types; one type can withstand tem- 
peratures from —00° to +90°C in store or 
during transit and functions satisfactorily in 
the range from — 40? to +70°C. 


621,315.59: 537.311.33:621.396.645 1968 

Germanium—— Important New Semiconduc- 
tor—W. C. Dunlap, Jr. (Gen. Elec. Rev., vol. 
52, pp. 9-17; February, 1949.) An account of 
the chemical, physical, and electrical proper- 
ties of Ge, and its application in tlie transistor. 


621.315.59:621.319.4 1969 

On the Use of Semiconducting Liquids for 
Impregnating Paper Capacitors—V. T. Renne. 
(Zh. Tekh. Fiz., vol. 19, pp. 218-224; February, 
1949. In Russian.) 


621.315.61.011.5:546.431.82 1970 

Anomalous Dielectric Properties of Poly- 
crystalline Titanates of the Perovskite Type— 
J. R. Partington, G. V. Planer, and 1. I. Bos- 
well. (Phil. Mag., vol. 40, pp. 157-175; Febru- 
ary, 1949.) 


PROCEEDINGS OF THE I.R.F. 


621.315.612.011.5 1971 

A New Type of Dielectric Polarization, and 
Losses in Polycrystalline Dielectrics © | 
Skavaniand A L Demeshina. (Zh. kp PF eon 
Fis, vol 19, pp. 3 17; January, 1949. [n 
Russian.) experiments were conducted: wath 
materials having a distorted crystal lattice 
The materials were obtained by sintering. DO: 
with oxides of the second group of metals 
Materials with small additions of SiO, C aO 
BaO, and ZnO have à high dielectric constant 
(of the order of 1,000) at frequencies from 10 
to 20 kc. The loss angle is greater Chan for pure 
TiO, and has pronounced tréquency and 
temperature maxima, Vatiations of e and tan 
6 with increase of concentration of the alkaline 
earths are shown graphically. 1he experimental 
results are in agreement with a theory of re 
laxation. polarization developed in earlier 
papers. The activation energy ot loosely 
coupled ions and the frequency of their oscilla- 
tions, as calculated from the experiment data, 
have abnormally low values, ` 


621.315.618.015.5: 537.52 1972 

Breakdown Voltage of Rare-Gas/ Nitrogen 
Mixtures between Hot Electrodes—J. A. M. 
van Liempt and W., D. van Wijk. (Physica, 
Grav., vol. 11, pp. 167-178; March, 1944. In 
German.) The dependence of the breakdown 
voltage on the nitrogen content, the gas pres 
sure, and the temperature and separation of 
the electrodes is shown graphically. The re- 
sults are discussed with reterence to the design 
of gas-filled glow lamps. 


621.775.7 1973 

Powder Metallurgy G  bitzgerald-Lee 
(Electronic Eng. vol. 21, pp. 87 90; March, 
1949.) The development of the art is outlined 
and basic principles ae brietly discussed. 
Methods of controlling grain growth are con- 
sidered with particular reference to the pro- 
duction of tungsten wire with properties suit- 
able for lamp filaments Various applications 
ate mentioned, 


6606. 1.037.5 1974 

The Technique of Glass-to-Metal Sealing 
with Special Reference to Vacuum-Tight 
Seals—4A. G. Long. (Jour. Soc. Glass Tech , vol. 
30, no. 137, pp. 67-89; 1946.) A general survey 
ranging from wire seals used in tube pinches 
to cylindrical seals some 4 inches in diameter, 
from the standpoint of the author's. personal 
experience, Practical manufacturing details are 
discussed and illustrated 


666.1.037.5:621.385.032.5 1975 

The Electrode Leads of Transmitting 
Valves—E. G. Dorgelo, (Communication News, 
vol. 9, pp. 38-44; December, 1947.) Survey 
and discussion of various methods of sealing. 


MATHEMATICS 


$17.53 621,392.52 1976 

Splitting of an Analytical Function into an 
Even and an Odd Component, and also a 
Method of Determining, for a Known Even 
Component, the Odd Component and the 
Function as a Whole—Coriection to 1422 of 
June, the title of which should read as above. 


518.5 1977 

Multiplication and Division by Electronic- 
Analogue Methods —E. M. Deeley and D. M. 
Mackay. (Nature (London), vol. 163, p. 650; 
April 23, 1949.) A multiplier. should have 
(a) symmetry of response to positive and 
negative inputs, (b) an absolute indication of 
zero input, (c) independence of normal changes 
in electronic characteristics, and (d) rapid and 
accurate response, A multiplier having a cro 
with an axial magnetic field is here described : 
the transverse velocity of the election stream 
is proportional to the voltage V, applied. to 
the X-plates of the cro. The magnetic field H 
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produces a deflecting force initially in the }- 
direction, proportional to H Va. 1 biis iu counter 
acted by a plotoclectric feedback system; the 
spot can thus be held close to the AX axis, and 
the voltage Vy a4 then proportional to the 
product ot V, and the curent iy producing the 
held H Conversely, tlie photo cell can be used 
to control ff so that iy as proportional to 
V/V, Preliminary experimental results with 
this technique are satisfactory. 


518.5:512.25 1978 

A Twelve-Equation Computing Instru- 
ment €. Ek. Beny and J. C. Pemberton. 
(Instruments, vol. 19, pp 396 398; July, 1946 ) 
An instrument of the decade-potentiometer 
type for solving linear simultaneous equations 
by successive approximations 


518.5:517.944 1979 

A Note on Analog Computer Design —] ^ 
Bronzo and H G Cohen. (Key. Sci. Instr, vol 
20, pp. 101-102; February, 1949) In certain 
types of partial differential equations, the 
spatial derivatives may be replaced by finite 
difference expressions. By using Laplace trans- 
forms and matrices, the onginal equations can 
be retormulated as a set of linear simultaneous 
equations. A simpler procedure sometimes re 
sults from the. application of à “similarity 
transformation” to the matrix of these equa- 
tions before a computer is designed to solve 
them, 


517.564.3(083.5) 1980 

Tables of Bessel Functions of Fractional 
Order. Vol. 1 [Book Review] —Nation.l 
Bureau of Standards. Columbia | University 
Press, Ist edition 1948, 418 pp. (Pil. Mag, 
vol. 40, p. 124; January, 1949.) J, (x) is tabu- 
lated to 10 places of decimals for +,= 1, 4, 4, 
and 3, and x =0(0,001)0.9(0,01)25.0. Auxiliary 
tables are provided to extend the range to 
values of x up to 30,000. See also 1708 of July 


518.2 1981 

Practical Five-Figure Mathematical Tables 
[Book Review]—C. Attwood. Macmillan, Lon- 
don, 1948. 74 pp., 3s. (Wireless Eng., vol. 25, 
p. 267; August, 1948; Nature (London), vol 
163, p. 306; February 26, 1949.) The problem 
of the regions where mean proportional parts 
are untrustworthy has been resolutely tackled 
by adjusting the interval of tabulation to suit 
the rate of change of the function tabulated. 
“The book ...can be thoroughly recom 
mended,” 


MEASUREMENTS AND TEST GEAR 


531.761 + 621.3.018.4(083.74) 1982 
Standard Frequency Broadcasts from 
Hawaii—( Tech, Bull. Nat, Bur. Stand., vol. 
33, pp. 39-40; March, 1949.) An experimental 
station on the island of Maui, Territory of 
Hawaii, now broadcasts standard frequencies 
(5, 10, and 15 Mc), time announcements, 
standard time intervals and standard musical 
pitch (440 eps) with call sign WWVIE Simul 
tancous reception of WWV and WWVIL in 
certain areas should not cause interference. 


531.761 +621.3.018.4(083.74) 1983 

The Atomic Clock—(Tech. Bull. Nat Bur. 
Stand., vol. 33, pp. 17-24; February, 1949.) 
The operation depends upon the constant natu- 
ral frequency associated with the vibrations of 
atoms in the N1; molecule. Accuracy is within 
| part in 107; theoretical considerations indi- 
cate à potential accuracy within 1 part in 10° 
or 10, according to the type of atomic system 
and spectrum line used. The clock consists 
essentially of a 100 kc crystal oscillator, a 
frequency multiplier, a frequency discrimina- 
tor, a frequency divider, a special 50-cps clock, 
and a waveguide absorption cell containing 
NH at a pressure of 10 to 15 Hg. The funda- 
mental frequency of the oscillator is first multi- 
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piied up to 270 Mc by means of standard low- 
frequency tubes. It is then multiplied up to 
2,970 Mc by means of a frequency-multiplying 
klystron, which is also modulated by a FM 
oscillator generating a signal at 13.80.12 
Mc. The FM output is multiplied in a Si crystal 
rectifier to 23,870.4 +0.96 Mc and fed to the 
ammonia absorption cell. As the frequency of 
this modulated control signal sweeps across 
the absorption-line frequency (23,870.1 Mc) 
of the NH; vapor, the signal reaching the Si 
rectifier dips because of the absorption, giving 
a negative output pulse. The output of the 
FM oscillator at 13.840.12 Mc is also fed to a 
receiver together with a 12.5-Mc signal from 
the quartz-crystal multiplying chain. When 
the signal sweeps across the proper frequency 
(12.5 Mc+the 1.39 Mc if of the receiver) a 
second output pulse is generated. If the time 
interval between these two pulses is incorrect, 
a control signal is generated in a discriminator 
circuit, and fed to a reactance tube which forces 
the quartz-crystal circuit to oscillate at the 
correct frequency. See also Radio-Electronics, 
vol. 20, pp. 74-76; March, 1949; and 1712 of 
July (Huston and Lyons). 


621.317.2:621.397.6 1984 

TV Distribution System for Laboratory 
Use—J. Fisher. (Communications, vol. 29, pp. 
8-9, 43; February, 1949.) Description of a 
centralized system for producing the standard 
RMA composite vidco signal and distributing 
it to a number of laboratories with minimum 
distortion. Sources of signal include (a) local 
television broadcasting stations, (b) monoscope 
signal, and (c) picture signal from a crt flying- 
spot scanner. 


621.317.34-621.317.7]: 061.3 1985 

Papers Digested for Conference on High- 
Frequency Measurements—(Flec. Eng., vol. 
68, pp. 251-257; March, 1949.) Authors’ sum- 
maries of most of the papers read at the con- 
ference. 


621.317.3:621.395.44 1986 

Maintenance Measurements on Carrier 
Telephony Equipment—J. de Jong. (Philits 
Tech. Rev., vol. 8, pp. 249-256; August, 1946.) 
Discussion of apparatus used and operational 
requirements. 


621.317.3241:621.318.4 1987 

Coils as H.F. Measurement Probes for Ab- 
solute Field-Strength Determinations—E. Ro- 
eschen. (Funk und Ton, vol. 3, pp. 167-172; 
March, 1949.) Measurements with 5 different 
types of coil indicate that a small single-layer 
cylindrical coil is particularly suitable for such 
absolute measurements, since its effective area 
can be determined accurately from its mean 
geometrical diameter, 


621.317.329:538.122 1988 

[Electrolyte] Tank Model for Magnetic 
Problems of Axial Symmetry —R. E. Peierls 
and T. H. R. Skyrme, (Phil. Mag., vol. 40, 
pp. 269-273; March, 1949.) Magnetic problems 
often involve vortices and cannot, therefore, 
be directly represented in the electrolyte tank. 
For 2-dimensional problems, the conjugate 
field can be studied; this technique is here 
applied to systems which are very nearly plane 
and have axial symmetry. 


621.317.335.314- 621.317.374 1989 

An Optical Method for Measuring the Di- 
electric Constant and Dielectric Losses of Solid 
Dielectrics in the Centimetre Wavelength 
Range— 1. L. Odynets. (Zh. Tekh, Fiz., vol. 
19, pp. 120-125; January, 1949. In Russian.) 
Theoretical discussion of a method based on 
measurements of the transparency of a slab of 
the dielectric, with a description of the appara- 
tus (Fig. 1) used for measuring the trans- 
parenc y. of glass and ebonite for As 5.5 cm 
The method would be even more suitable for 
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shorter wavelengths since the required over-all 
dimensions of the measuring apparatus would 
be smaller; liquid dielectrics could also be used. 


621.317.34:621.315.1/.2 1990 
No-Load and Short-Circuit Measurements 
for Determining the Transmission Charac- 
teristics of Open Lines and Cables—O. Nau- 
mann. (Arch. Tech. (Messen), pp. T22-T23; 
March, 1949.) The approximate methods used 
for calculating the low-frequency transmission 
characteristics of cables from no-load and short- 
circuit measurements of vultage, current, and 
power are not applicable at high frequency. 
More accurate methods given by Kaden (1063 
of 1937), by Sommer for very low frequencies 
(4070 of 1939), and by Goldschmidt for high- 
frequency (1724 of 1943) are discussed. 


621.317.353:621.396.619.13 1991 

The Determination of the Distortion in a 
Frequency-Modulator—F. L. H. M. Stumpers 
and W. W. Boelens. (Communication News, 


* vol. 9, pp. 107-109; August, 1948.) As the 


modulation voltage is increased, the amplitudes 
of the components of the output frequency 
spectrum vary and pass through the value 
zero. The zero points can be used for measuring 
frequency deviation. The displacement of the 
zeros, caused by nonlinearity of the modulation 
characteristic, can be used for the measurement 
of odd harmonics. A shift in frequency of the 
output spectrum as a whole can be used to 
measure even harmonics. 


621.317.372 1992 

Improved Accuracy with a ''Q"-Meter by 
the Use of Auxiliary Components—A. C. 
Lynch. (Electronic Eng. (London), vol. 21, pp. 
91-93; March, 1949.) Accuracy can be con- 
siderably increased by usinga mirror galvanom- 
eter in parallel with the meter giving Ọ 
values, a second galvanometer, suitably 
shunted, in series with the meter measuring 
the resonant-circuit response and a variable 
capacitor with a fine scale of high calibration 
accuracy in parallel with the fitted tuning 
capacitor. The principle used is that of the 
reactance-variation method described by Hart- 
shorn and Ward (351 of 1937), but herc the 
input voltage is varied in known ratios, and 
the voltage in the circuit is brought to a fixed 
value by detuning. A circuit diagram is given. 
A Q-meter using this principle is described; 
accuracy is discussed, and possible methods 
of further improvement are suggested. 


621.317.39.029.6:536.33 1993 

Conditions for Maximum Sensitivity of 
U.H.F. Radiometers—J. L. Steinberg. (Onde 
Élec., vol. 29, pp. 160-166; April, 1949.) Dis- 
cussion of apparatus of the type described by 
Dicke (475 of 1947). With optimum noise factor 
and input circuit, and a certain amount of 
negative feedback, it is possible to measure the 
apparent temperature of a receiving antenna 
to within about 0.3°C. Apparatus designed for 
investigation of 1,200-Mc radiation, con- 
structed at the physical laboratory of the Ecole 
Normale Supérieure, uses a dipole-fed para- 
bolic reflector 3 meters in diameter mounted 
on an equatorial support. The superheterodyne 
receiver has a bandwidth of 20 Mc and a noise 
factor of 3.5. Further details of this equipment 
will be published later. 


621.317.4.029.62:538.221 1994 

Ferromagnetism at Very High Frequencies; 
Part 2- Method of Measurement and Proc- 
esses of Magnetization—M. H. Johnson and G. 
T. Rado. (Phys. Rev., vol. 75, pp. 841-864; 
March 1, 1949.) Part 1: 3182 of 1947 (Johnson, 
Rado, and Maloof.) 


621.317.7.029.63/.64(083.74) 1995 
Microwave Measurement Standards 
(Jour. Frank. Inst, vol. 247, pp. 156-161; 
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February, 1949.) Discussion of standards and 
calibration services available or methods being 
developed at the National Bureau of Standards 
for frequencies from 300 Mc to over 100,000 
Mc. These include: (a) a frequency standard 
for 300 to 40,000 Mc accurate within 1 part in 
10°, (b) methods and equipment for dielectric 
measurements at frequencies near 1,000, 3,000, 
9,000, and 24,000 Mc, (c) a primary standard 
of attenuation consisting of a waveguide oper- 
ating at a frequency below cutoff, which can 
be used for any microwave frequency by 
means of a development of the if substitution 
method, (d) a microwave power-measuring 
console nearly completed, (e) investigation of 
the accuracy of bolometers and thermal noise 
sources as power standards, (f) development 
of primary and secondary frequency standards 
using spectrum lines of gases, (g) a prototype 
atomic clock (see also 1983 above), and (h) 
measurement of spectrum lines as secondary 
frequency standards. 


621.317.71/.72 1996 

An Instrument for the Measurement and 
Time Integration of Small Voltages and Cur- 
rents—I. A. D. Lewis and A. C. Clark. (Jour. 


' Sci. Instr., vol. 26, pp. 80-84; March, 1949.) 


Description with full component details. Po- 
tentials varying between 0 and 0.5 volt and 
their time integrals can be measured within 
3 per cent. Currents can be measured with 
similar accuracy; full-scale deflection on the 
lowest range is 0.01 uamp. 


621.317.71:621.385 1997 

Reduction of Noise in Thermionic Electrom- 
eters with Mechanical Conversion—H. den 
Hartog and F. A. Muller. (Physica,'s Grav., 
vol. 11, pp. 161-166; March, 1944. In Dutch, 
with English summary.) Continuation of 858 
of 1945. 


621.317.715.004.64:538.22 1998 

Non-Ferrous Copper Wire for Moving- 
Coil Meters—P. G. Moerel and A. Rade- 
makers. (Philips Tech. Rev., vol. 8, pp. 315- 
319; October, 1946.) Effects due to Fe im- 
purity in the Cu wire of the coils is discussed 
and methods of producing wire with extremely 
low Fe content are described. 


621.317.738 1999 

A Note on the Measurement of Four- 
Terminal Inductances by Astbury's Method— 
L. H. Ford. (Jour. Sci. Instr., vol. 26, pp. 108- 
109; March, 1949.) Astbury's method (noted 
in 1932 Abstracts, p. 48) is unsuitable in its 
original form for frequencies above af, but if the 
fixed resistance ratio arms of the bridge are 
replaced by a Kelvin-Varley potential divider 
of known phase defect, the method can be 
used for frequencies up to 100 kc. Experimental 
results on a 10-uh coil show good agreement at 
all frequencies from 1 to 100 kc with values 
obtained by other methods. 


621.317.755 2000 

A 3-Beam Micro-Oscillograph for Display 
of Oscillations up to 10,000 Mc/s—v. Fc. 
(Frequenz, vol. 3, pp. 19-22; January, 1949.) 
A short description of Lee's instrument (1692 
of 1946) with a tabular comparison with the 
Rogowski, Siemens, and A.E.G. oscillographe. 


621.317.761 2001 

Heterodyne Frequency Meter for High 
Frequencies—L. Liot. (Radio Franç., pp. 14- 
17; April, 1949.) Description, with circuit 
details, of an instrument for the rapid measure- 
ment of frequencies from 5 to 1,000 Mc. The 
local oscillator, which is of the Lecher- line 
type and uses a Type 955 triode, has a fre- 
quency range of 69 to 220 Mc; within this 
range unknown frequencies are measured by a 
direct zero-beat method, while harmonic meth- 
ods are used outside the range. 
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621.317.772.029.54/.58:0621.396.645.37 2002 

A Phase Meter for the Frequency Band 100 
kc/sa-20 Mc/s—W. T. Duerdoth. (P.O. Elec. 
Eng. Jour., vol. 42, purt 1, pp. 43-46; April, 
1949.) Intended primarily for mensuring the 
phase change round the feedback loops of 
amplifiers, An accuracy within + 3° is possible 
provided that the loop gain or loss does not 
exceed 40 db. The magnitudes of the voltages 
whose phases are to be compared are made 
equal by means of two special variable- gain 
amplifiers which cause the same phase change 
in received. signals whatever their respective 
gains. The design of these amplifiers and of the 
necessary frequency changer is discussed and 
circuit diagrams are given. 


621.317.784 2003 

Pulse Power Measurement by a Hetero- 
dyne Method— L. S. Schwartz. (Communica- 
lions, vol. 29, pp. 26-27; February, 1949.) 
Pulse width and repetition rate need not be 
known. The rf pulse and ew oscillations of 
nearly the same frequency are applied to the 
square-law detector of a synchroscope re- 
ceiver. The ew is adjusted so that the peak 
value of the variable component of the de- 
tection voltage equals the amplitude of the 
envelope of the rf pulse. The rf pulse powcr 
is then 6 db above the cw power at the point 
of entrance into the detector. Sources of error 
are discussed; accuracy is within à few per 
cent. 


621.317.79:551.510.535 2004 

Sweep Frequency Ionosphere Equipment— 
P. G. Sulzer. (Jour. Appl. Phys., vol. 20, pp. 
187-196; February, 1949.) The equipment 
records ionosphere virtual height as a function 
of frequency over the range 1 to 25 Mc. Special 
features of the device are high power output, 
good receiver sensitivity, and onti-jamming 
circuits. Detailed circuit diagrams arc include]. 
Sec also 2240 of 1948 (Thomas and Chalmers). 


621.317.791 2005 

A Self-Checking Wobbulator —J. 1I. Vogel- 
man. (Communications, vol. 29, pp. 28-31; 
February, 1949.) A portable test set for fre- 
quencies between 5 and 100 Mc, comprising a 
FM signal generator, frequency meter, and 
cro Which can be used to measure the gain, fre- 
quency, bandwidth, and tuning characteristics 
of wide-band if and rf amplifiers and receivers. 


621.317.35-4-621.396.615.17/.18 2006 

Waveforms [Book Review] —B. Chance, V. 
Hughes, E. F. MacNichol, D. Sayre, and F. C. 
Williams (Eds). McGraw-Hill, London, 785 
pp., £3. (Wireless Eng., vol. 20, p. 139; April, 
1949.) Vol. 19 of the MIT Radiation Labora- 
tory series. The book is more descriptive than 
analytic and deals mainly with nonlinear cir- 
cuits. The action of electronic switches, fre- 
quency multipliers and dividers, and counting 
circuits is discussed. 


621.317.354- 621.396.619-+ 621.396.822 2007 

Frequency Analysis, Modulation and Noise 
[Book Review]—S. Goldman. McGraw-Hill, 
London, 1948, 434 pp., 36s. (Electronic. Eng. 
(London), vol. 21, p. 152; April, 1949; Proc. 
LR.E., vol. 37, p. 541; May, 1949.) 


OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 


535.61-15:621.383 2008 

Direct Recording of Spectra in the Region 
1.2 u to 3 u using the Lead Sulfide Photo-Con- 
ductive Cell—R. C. Nelson. (Jour, Opt. Soe. 
Amer., vol. 39, pp. 68-71; January, 1949.) See 
also 3330 of 1947 (Cashman). 


621.317.39 2009 

Electronic Gauges—J. Schwartz. (Micro- 
tecnic (Lausanne), vol. 3, pp. 10-18; January 
and February, 1949. In English.) Conclusion 
of 1736 of July. 


PROCEEDINGS OF THE LRA. 


621.365.5+ 621.365.92 2010 
High-Frequency Heating 5 W Sums 
(Communication News, vol. 9, pp 45 55, 


December, 1947.) Discussion of both induction 
und dielectric heating, and of thelr applica- 
tions. Several examples are given of apparatus 
designed for particular applications. 


621.38.001.8 2011 

The Electronic Brain-\W. R. Ashby. 
(Radio- Electronics, vol, 20, pp. 77 80; March, 
1949.) Reprint of 1144 of May. 


621.38.001.8 2012 

Electronics in the Service of Industry— 
(Radio Tech, Dig. (P rang), vol. 3, pp. 105-111; 
April, 1949, Bibliography, pp. 111-113.) Briet 
general discussion, with some detaila of photo 
electric counters and opacity meters. 


621.38.001.8: 061.3 2013 

Papers Digested for Conference on Elec- 
tronic Instrumentation—(/tlec, Eng., vol, 68, 
pp. 246-251; Marchi, 194%) Authors’ summaries 
of most of the papers read at the conterence 


621.384.611.11 2014 
A 20-MeV Betatron W. Hoslev, J. Ð. 
Craggs, D. IH. Mekwan, and J. bk. Smee, 


(Proc. EE, part 1, vol. 96, pp. 85-86; March, 
1949.) Discussion on 179 ot February. 


621.384.611.11 2015 

A New Type of [9-MeV] Betatron without 
an Iron Yoke—A. Bierman. ( Nature (London), 
vol. 163, pp. 649-050; April 23, 1949.) Two coila 
are used in series, with a sealed-off glass ac- 
celeration tube between them. ‘The dimensions 
are chosen so that the magnetic field at a point 
distant r fråm the center is proportional to 
r^, where O<n <1. The flux required within 
the electron orbit is obtained by means of a 
small iron core along the axis. The current 
through the coils is obtained by periodical dis- 
charges of a 6.5 -uuf capacitor across a spark 
gap; these discharges occur every few seconds 
and initiate damped 2.5 kc oscillations, with a 
peak current of about 5,000. amperes. The 
whole betatron on!v weighs about 50 kg and 
the simple construction makes the cost low. 


621.384.012.11 2016 
Design of the Radiofrequency System for 
the 184-Inch Cyclotron -K. R. MacKenzie, 
F. 4B Schmidt, J. R. Woodyard, and L. F. 
Wouters. (Rer. Sci. Instr., vol. 20, pp. 126-133; 
February, 1949.) Sec also 1712 of 1948, 


621.384.612.11:621.396.615 2017 

Pulsed Oscillator for F.M. Cyclotron -J. 
W. Burkig, E. L. Hubbard and K. R. Mac- 
Kenzie. (Rev. Sci. Instr., vol. 20, p. 135; Febru- 
ary, 1949.) 


621.384.621.1+ 2018 

The High-Voltage Electrostatic Generator 
at the Atomic Energy Research Establishment 
—R. L. Fortescue and P, D. Mall. (Proc. IEE, 
part I, vol. 96, pp. 77-85; March, 1949) A 
5-Mv generator of the pressurized Van de 
Graaf type. 


621.385.833 2019 

Aberration Correction with Electron Mir- 
rorS—E, G. Ramberg, (Jour. A pf. Phys, vol. 
20, pp. 183 186; February, 1949.) Formulas 
for spherical and chromatic aberration are 
applied to à concave electron mirror with con- 
centrated field. distribution. The aberration 
coefficients of such mirrors are so large that 
this method of correction has serious practical 
difficulties. 


621.396.615.17:615.849 2020 

Electromedical Stimulators —O. B. Sneath 
and E. G. Mayer. (Wireless World, vol. 55, 
pp. 129-132; April, 1949.) Pulses are required 
of Jengths between 1 second and 10 useconds, 
with repetition rates between 1 and 50 per 
second and maximum output voltage of the 
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order of 100 volts at TOO inamp: Cirants for 
producing such pulses are discussed, 


621.398 2021 


Radio Control of Mobile Miniatures E. 
L. Sathord, Jr (CQ, vol 5, pp. 18-21, 71; 


April, 1949 ) A system for starting, stopping, 
and steering model boats or cars. 


PROPAGATION OF WAVES 


538.500 2022 

Unification ot the Formulae Representing 
the Principle of Huyghens for Electromagnetic 
Waves bL. Croze and G. Darmow (Compt 
Rend Acad Sa. (Varia), vol. 228, pp 824 
826; March 7, 1949.) Three conditions must be 
satished if a system of forinulas ia to be a 
physically and mathematically correct ex 
pression of Huvghens! principle: ‘The formulas 
proposed. successively by Love, Macdonald, 
Larmor, Bromwich, Schelkunoff, L. de Broghe, 
Novobatzky (for a finite surface), and Fränz 
ull satisiv these three conditions; in conse- 
quence, they can all be referred to a common 
torm, which is here given. The condition that 
the secondary waves from the various elements 
ot the surtace considered must be pure clectro 
Inagnedc Waves is not satisfied by the formulas 
of Kurchhotf, nor by those proposed successively 
by Ignatowsky, Tonolo, Tedone, Kotier, 
Stratton, «nd Chu and (for a closed surtace) 
Novobatzky. ‘This is shown by considering the 
case where the surface in question is a wave 
surface, cither plane or of large radius Se 
also 1462 and 1463 of June. 


538.566.2 2023 

On the Propagation of Waves in an In- 
homogeneous Medium—O. E. Il. Rydbeck 
(Chalmers l'ékn. Hogsk. Handl., no. 74, 35 pp 
1948. In English.) A mathematical theorv ot 
propagation in an inhomogeneous or stratified 
medium is developed to determine the limiting 
conditions in which more approximate theories 
are applicable, For à slightly inhomogeneous 
medium, first - and higher order approximations 
to the wave equations are obtained and their 
usefulness is estimated by application to special 
cases for which exact. independent solutions 


exist. Large variations in refractive index are 


then considered, The results are compared 
with those of other methods. The theory is 
applied to the propagation of magneto-hydro 
dynamic Waves in the sun and to the duct 


propagation of radio waves in the lower 
troposphere, 
621.396.11 2024 


The Effect of Pulsations of the Retractive 
Index of the Atmosphere on the Propagation 
of Ultra-Short Waves —V. A. Krasil'nikov. 
(Bull. Acad. Sci. U.R.S.S., sér. Géogr. Géof hys.. 
vol. 13, no. 1, pp. 33-57; 1949. In Russian.) 
The usual interpretation of fading as a result 
of interlerence between the direct and indirect 
rays cannot be strictly correct, especially when 
transmission extends beyond the horizon. It is 
suggested that pulsations of the refractive in- 
dex of the atmosphere due to temperature 
fluctuations may have an important bearing 
on fading. It is shown mathematically that 
when the scale of pulsations is smaller than the 
wavelength, the waves are dispersed and when 
it is greater than the wavelength, path varia- 
tions oceur which lead to variations in inten 
sity at the receiving point. Using the methods 
of geometrical optics and taking into account 
the results obtained by A. M, Obukhov (1928 
above) formulas are derived for determining 
fluctuations of the amplitude and phase at the 
point of reception. Experimental results avail- 
able in the literature are discussed in detail 
and are in general agreement with the proposed 
theory. It is concluded that: (a) when trans- 
mission is within the horizon, usw fading can 
be explained by the temperature fluctuations 
of tlie atmosphere; (b) fading when transmis- 
sion is somewhat beyond the horizon is mainly 
caused by the interference between the two 


RA 


components but it is also necessary to take into 
account the effect of the temperature fluctua- 
tions on both components; (c) at very great 
distances, when reception is carried out only 
on the indirect ray, the temperature-fluctuation 
effect again becomes predominant. 


621.396.11:551.5 2025 

An Ertension of Macfarlane’s Method of 
Deducing Refractive Index trom Radio Obser- 
vations—A. W. Straiton. (Jour. Appl. Phys., 
vol. 20, p. 228; February, 1949.) Comment on 
2894 of 1947. The second set of height-gain 
measurements there suggested can be replaced 
by a set of height versus phase measurements; 
a suitable method of measuring phase was dis- 
cussed in 3225 of 1948 (Straiton and Ger- 
hardt). 


621.396.11:551.510.535 2026 

Absorption of Radio Waves Reflected at 
Vertical Incidence as a Function of the Sun’s 
Zenith Angle—E. W. Taylor. (Jour. Res. 
Nat. Bur. Stand., vol. 41, pp. 575-579; Decem- 
ber, 1948.) Analysis of Central Radio Propaga- 
tion Laboratory records, extending over 3 
years, indicates that absorption depends ap- 
proximately linearly on the cosine of the sun’s 
zenith angle. 


621.396.11:551.510.535 2027 

A Note on the Ionospheric Absorption 
Problem—L. G. McCracken. (Jour. Appl. 
Phys., vol. 20, pp. 229-230; February, 1949.) 
The formula for the total nondeviating E-layer 
absorption derived by Best and Ratcliffe 
(1748 of 1938) is here obtained without using 
certain of their approximations. Appleton 
(395 of 1938) obtained a similar formula. 


621.396.11:551.510.535  - 2028 
The Ionosphere over Mid-Germany in 
February 1949 —Dieminger. (See 1934.) 


621.396.11:551.510.535 2029 
Changes in Radio Reception during Sun- 
spot Period '45-47 —H. T. Stetson. (Tele- Tech, 
vol. 7, pp. 29, 73; December, 1948.) Summary 
of Amer. Astr. Soc. paper. Variations of Fz 
critical frequencies and of field intensities at 
5 and 10 Mc with variations of sunspot ac- 
tivity are recorded for the recent rise period. 
Diurnal ficld-intensity changes to be expected 
during the decline period are discussed, 


621.396.11:551.510.535:523.3 2030 

Moon Echoes and Penetration of the 
Ionosphere—F. J. Kerr, C. A. Shain, and C. S. 
Higgins. (Nature (London), vol. 163, pp. 310- 
313; February 26, 1949.) The possibility of 
using reflections from the moon to extend the 
atudy of the ionosphere is investigated. Stations 
VLC9 and VLBS operating at frequencies near 
20 Mc were used. The equipment and the ex- 
perimental procedure are described. Echoes 
were obtained in 13 out of 15 trials. Wide 


^. variations in the amplitude of echoes were re- 


#62 1.396.812.029.62 


corded; on no occasion did the amplitude ex- 
ceed the theoretical value. Fading periods of 
1 second or less were observed, similar to those 
experienced with ionospheric reflections. Echo 
frequencies were about 50 cps higher than those 
of the transmitted signal, mainly because of 
the Doppler effect of the earth’s rotation. Aa 
the moon rose, echoes could not be obtained 
as 800n as could be expected from calculations 
based on vertical-incidence ionospheric aound- 
ings. 

Analysis of 20-Mc solar noise also shows 
ionospheric effects, with the significant dif- 
ference that solar noise energy is received at 
unexpectedly low clevations of the sun. 


2031 

On Normal and Abnormal Refraction of 
Ultra-Short Waves in the Atmosphere —11I. II. 
Klinger. (Z. Met., vol. 2, p. 86; March, 1948.) 
Field-strength recorda of usw transmissiong 
(A@1.3 meters) over a 63-km path, about 40 
per cent beyond the optical range, are discussed 


Abstracts and References 


biiefly. The considerable increases of field 
strength occasionally observed are accompanied 
by relatively little fluctuation and can be at- 
tributed to certain local characteristice of the 
lower atmosphere. 


621.396.812.029.64 2032 

Effect of the Atmosphere on Microwaves— 
H. H. Klinger. (Z. Met., voi. 2, pp. 314-316; 
October, 1948.) Measurements of received sig- 
nal strength for \=1.36 cm showed strong 
absorption due to rain or even a slightly damp 
atmosphere, whereas 3.6-cm waves under the 
same conditions were not appreciably affected. 
Further investigations with wavelengths of 1 
to 10 mm are proposed. 


621.396.812.029.64 2033 
Low-Level Atmospheric Ducts—R. F. 
Jones, J. S. McPetrie and B. Starnecki. 


( Nature (London), vol. 163, p. 639; April 23, 
1949. Comment on 1167 of May. Jones ex- 
plains the presence of the ducts observed both 
in cold and warm weather in terms of the 


* previous history of the air at heights between 


200 and 2,000 feet. McPetrie and Starnecki 
consider that although Jones' hypothesis is 
satisfactory for periods of high wind-velocity, 
low air temperature rather than high wind- 
velocity is the main cause of the cold-weather 
ducts. 


621.396.812.029.64 2034 

Oversea Propagation on Wavelengths of 
3 and 9 centimeters—J. S. McPetrie, B. 
Starnecki, H. Jarkowski, and L. Sicinski. 
(Proc. I.R.E., vol. 37, pp. 243-257; March, 
1949.) For other accounts of resulta obtained 
at the same sites see 518 of 1947 (Megaw) 
and 2329 of 1948 (McPetrie and Starnecki). 


621.396.812.3 2035 

A Peculiar Type of Rapid Fading in Radio 
Reception—N. S. Subba Rao and Y. V. Soma- 
yajulu. (Nature (London), vol. 163, p. 442; 
March 19. 1949.) Discussion of the “flutter 
phenomenon," a variation in intensity ob- 
served at Waltair, India, when receiving broad- 
cast transmissions on wavelengths of 41 and 
60 meters. The effect is observed occasionally 
on a wavelength of 19 meters but is completely 
absent at medium frequency. The flutter oc- 
curs only during the hot season (February to 
june) and begins about sunset ; the fluctuation 
frequency is very low (0.3 to 0.5 cps) before 
sunset, and increases to 2 to 2.4 cps early in the 
night, thereafter remaining constant for long 
periods. The ionosphere must be the cause of 
this phenomenon, which may be due to the 
rapid movement of ionic clouds across the F 
layer. See 3279 of 1946 (Wells, Watts, and 
George). 


621.396.812.3:551.510.535 2036 

Short-Range Fading of Broadcasting Trans- 
missions—W. Gerber and A. Werthmilller. 
(Tech. Mitt. Schweiz. Telegr. Teleph. Verw., 
vol. 25, pp. 1-12; February 1, 1947. In German.) 
The reflecting properties of the ionosphere in 
the medium-wave band are discussed. The fine 
structure of the fading diagram is attributed to 
interference effecta, while the main features are 
principally determined by absorption and are 
related both to the sunspot period and to the 
scason, with maximum fading effects in apring 
and autumn and minimum occurrence in sum- 
mer and winter, The solar effects are super- 
posed on the seasonal effecta and are greatest at 
gunapot minimum and least at sunspot maxi- 
mum. Curves are given showing the average 
fading effects for the Beromiinster transmitter 
a8 observed at St. Gallen, at different times 
during the evening, from April, 1936, to No- 
vember, 1946. The curves all show maxima 
about 1944, with subsidiary peaks about 1941 
and minima near 1938. 


621.396.812.3.029.54 2037 
Space-Wave Absorption and Large-Scale 
Weather Conditions—G. Falckenberg and KE. 
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Lauter. (Z. Met., vol. 2, pp. 259-265; September, 
1948. Transmissions from Kalundborg on 
121,250 meters were observed at Warnemünde 
180 km distant. In the daytime, the transmis- 
sions were almost completely absorbed by the 
ions in the lower part of the ionosphere, but at 
night the absorption showed wide variations 
related to projections into the ionosphere of 
equatorial or polar air masses. A connection be- 
tween the absorption and air-pressure varia- 
tions at a height of 9 km was also established. 


RECEPTION 


621.396.619.13:621.392 2038 

Distortion of Frequency-Modulated Signals 
in Electrical Networks—F. L. H. M. Stumpers. 
(Communication News, vol. 9, pp. 82-92; 
April, 1948.) Long summary of part of the 
thesis noted in 2221 of 1947. See also 1886 of 
1948. 


621.396.621-1-621.396.61]:551.510.535 2039 
Ionosphere Sounding [equipment]— 

Maguer. (Sce 2069.) 

621.396.621:621.392.52:621.396.5 2040 


Application of Crystal Filters in [telegraphy] 
Receivers—Maarleveld. (See 1892.) 


621.396.621:621.396.5 2041 

A Modern Receiver for Radiotelegraphy— 
C. T. F. van der Wyck. (Tijdschr. ned. Radio- 
genoot., vol. 14, pp. 27-39; March, 1949. Dis- 
cussion, p. 40. In Dutch, with English sum- 
mary.) Description, with block diagram, of the 
receiver, and discussion of (a) considerations 
leading to its design, (b) automatic tuning con- 
trol, and (c) conditions for a stable circuit. See 
also 3510 of 1948 and 1892 above. 


621.396.81:621.396.9 2042 

Signal/Noise Ratio in Radar—S. de Wal- 
den. (Wireless Eng., vol. 26, pp. 140-141; 
April, 1949. Comment on 2899 of 1948 (Levy). 


621.396.826:621.396.933.2:621.396.619.16 
2043 
Elimination of Reflected Signal Effects in 
Pulsed Systems—Collup. (See 1945.) 


621.396.8224-621.317.35-]- 621.396.619 2044 
Frequency Analysis, Modulation and Noise 
[Book Review]—Goldman. (See 2007.) 


STATIONS AND COMMUNICATION 
SYSTEMS 


621.39.001.11 2045 
Evaluation of Transmission Efficiency Ac- 
cording to Hartley's Expression of Information 
Content—A. G. Clavier. (Elec. Commun., vol. 
25, pp. 414-420; December, 1948.) Transmis- 
sion efficiency, defined by extending IIartley's 
expression for telegraphic signals to telephony 
in presence of noise, is calculated for the main 
pulse-transmission systems. The resulting ex- 
pressions enable the various systems to be com- 
pared, although simplicity and cost of equip- 
ment will also be important factors for deciding 
their relative merits. See also 515 of March 
(Landon) and 1361 of June (Shannon), 


621.395.43/.44 2046 
Study ot the General Characteristics of the 
L. T. T. 12-Channel Carrier-Current Systems 
for Overhead Lineg—H. Pech. (Cábles and 
Trans. (Paris), vol. 3, pp. 177-193; April, 
1949.) General problems in connection with 
auch aystema are discussed, including (a) at- 
tenuation within the prescribed transmission 
band, (b) characteristic impedance of actual 
lines, (c) crosstalk, and (d) noise. A description 
ia given of equipment constructed for the 
French Post Office. The frequency band 
covered is 30 to 150 kc. Details are included of 
the modulation and demodulation processes, 
terminal equipment, filters, equalizers and 
catrier-frequency generators. Test results on 
prototype equipment will be published later. 
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621.396.1:621.397.5 2047 

Allocation of Frequencies for the Television 
Service F.C. MeL. (BBC Quart, vol. 4, pp. 
54 50; April, 1949) The frequency band ut 
present allocated is 41 to 66.5 Mc; it is hoped 
that the upper kiut with shortly be raised to 
O8 Me. For all new stations, asymmetric- 
sideband transmission will be used to enable 5 
exclusive channels to be obtained in the full 


band, but transmissions from Alexandra 
Palace will remain unchanged, 
621.396.619.13/.14:534.78 2048 


Ratio of Frequency Swing to Phase Swing 
in Phase- and Frequency- Modulation Systems 
Transmitting Speech— D. K. Gannett and W. 
R. Young. (Proc. LR.E., vol, 37, pp. 258-263; 
March, 1949.)Theoretieal and experimental 
results are discussed, The ratio was found to 
vary with different voices, with the microphone 
and circuit characteristics, and with the kind of 
volume regulation used. 


621.396.65.029.63 2049 

Choice of Suitable Heights [of stations], 
Distance and Wavelengths in Planning 
Decimetre-Wave Links—A. Grün. (Fernmelde- 
tech. Z., vol. 2, pp. 09-72; March, 1949.) In the 
case of decimeter wave systems, fading is due 
chietly to interference between the direct ray 
and that reflected from an intermediate point of 
the carth's surface. Calculations show that in 
order to obtain as great a received field 
strength as possible, with little fading, the 
wavelength fot a given distance between sta- 
tions should not be too small and optimum 
heights should be chosen for the antennas, 
Formulas are given from which the optimum 
heights can be calculated, with curves for 
ranges of 50 and 60 km respectively and wave- 
lengths frdém 10 to 100 cm. 


621.396.712.2 2050 

WMGM Master Control Equipment De- 
sign—M, E. Gunn. (Audio Eng., vol. 33, pp. 
24-28, 40; March, 1949.) Details, inclu ling 
block diagram, of a high-power broadcast sta- 
tion installation. 


621.396.9:523.3 2051 
Detection of Radio Signals Reflected from 
the Moon—DeWitt and Stodola. (See 1937.) 


621.396.619--621.317.35-- 621.396.822 2052 
Frequency Analysis, Modulation and Noise 
[Book Review]—Goldman. (Sce 2007.) 


SUBSIDIARY APPARATUS 


621.316.722.077.65:621.396.68 2053 

Commutation in Rectifiers Using Relay 
Tubes: Parts 1 and 2—T Douma. (Communi 
cation News, vol. 9, pp. 70-81 and 110-120; 
April and August, 1948.) A detailed discussion 
of the behavior of the well-known  3-phase 
Graetz cirenit, taking account of the effect of 
leakage inductance and self-capacitance in the 
power transformer, Means of protecting this 
transformer from stecp-fronted. voltage surges 
are also indicated. The control characteristic of 
grid-controlled rectifiers is discussed in an ap- 
pendix, 


621.316.726 2054 

Frequency Correction Equipment for Rail- 
way Signalling Supplies—(JZngineer (London), 
vol. 187, pp. 184-186; February 18, 1949.) A 10- 
kva induction motor hasa 440-volt three-phase 
stator and a single-phase rotor, the speed of 
which is controlled by a frequency-selective 
relay so that the rotor output frequency is be- 
tween 49.7 and 50.3 cps even though the fre- 
quency of the stator input varies from 47.5 to 
51.4 cps. An electronic frequency corrector is 
also described which rectifies the variable- 
frequency supply and reconverts the de into 
ac at the required frequency by means of in- 
verting tubes and a timing unit. Both kinds of 
equipment are operated by remote automatic 
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control. See also Engineering (London), vol. 
167, pp. 331-332; April 8, 1949, 


TELEVISION AND PHOTOTELEGRAPHY 


621.397.26 2055 

Ultrafax —D. S. Bond and V, J Duke. 
(RCA Rev., vol. 10, pp. 99 115; March, 1949 ) 
See also 1203 of May. 


621.397.5 2056 

Polycast System for TV on U.H.F. R. M. 
Wilmotte and P, A. Demars (E M-TV, vol 8, 
bp. 26 28, 46; December, 1944.) bor. the 
United States ubf television band, the power 
required to obtain satisfactory coverage at all 
pointe within gay 30 miles of a single trans 
mitter is prohibitive, “Polycasting’’ is a sug 
gested alternative, using ten to fitteen 200 watt 
transmitters within the area, each covering an 
area of 10 miles radius. 


621.397.5:535.88:791 2057 

Theater Television—(Jour. Suc. Mot, Pic 
Eng, vol 52, pp. 243-207; Match, 1949. 
Bibliography, pp. 268-272.) Report, in lan- 
guage as little. technical as possible, of the 
Theater Television Committee of the Society 
of Motion Picture Engineers on the present 
state of the art. 


621.397.5:621.3.09 2058 
Attenuation and Phase Distortion and Their 


Effect on Television Signals Fuchs and 
Baranov.(See 1871.) 
621.397.5:621.315.212 2059 


The London-Birmingham Television Cable: 
Part 2—Cable Design, Construction and Test 
Results—Stanesby and Weston, (See 1857.) 


621.397.5:621.396.1 2060 
Allocation of Frequencies for the Television 
Service — McL. (See 2047.) 


621.397.6:621.385.832 2061 

The Graphechon —A Picture Storage Tube 
=L. Pensak. (RCA Rev., vol. 10, pp. 59-73; 
March, 1949.) 1949 IRE National Convention 
paper. Describes the combination, within one 
envelope, of a cathode-ray tube and an icono- 
scope, enabling a picture written once on the 
common screen to be scanned continuously for 
1 to 2 minutes. The picture is recorded on the 
sercen by use of the fact that the thin insulating 
layer on the iconoscope target. becomes con- 
ductive at the point of impact ot a high: veloc ity 
electron beam, The picture is read by the con- 
ventional iconoscope method. The graphechon 
was designed otiginally in connection with the 
teleran navigation system, 


621.397.6: 621.395.667 2062 
Phase and Amplitude Equalizer for Tele- 
vision Use—Goodale and Kennedy (See 1893 ) 


621.397.61:621.3.015.3 2063 

Standardization of the Transient Response 
of Television Transmitters—H. D, Kell and 
G. L. Fredendall. (RCA Rev, vol. 10, pp. 17- 
34; March, 1949.) It is suggested that picture- 
monitoring receivers for vestigial-sideband 
television transmitters should now be stand- 
ardized on the basis of response to a double- 
sideband signal modulated by a square wave, 
Tolerances for vestigial-sideband transmitter 
performance could then be defined by the shape 
of the monitor receiver response when the 
transmitter is modulated by à square wave. 
Phase-correction networks for reducing the 
distortion introduced by the vestigial-sideband 
system and by the restricted bandwidth used 
are also discussed. 


621.397.61-182.3 2064 

The WMAL TV Mobil TV Unit F., W. 
Harvey and E. D. Milburn. (Communications, 
vol. 29, pp. 8-11, 31; March, 1949.) An illus- 
trated description. 


Waves and Idectrons Sectton 


August 


621.397.62 2008 

Experimental Television Receiver (7 elev, 
(rang ), no 45, pp 13 16, 2t, March, 1949.) 
C uicit diagrams and complete details of a re 
caver using a &inall electrostatic cathode ray 
tube with a creen only 7 eman diameter, and 
capable of recaving wither Che present. 450 hne 
or the proposed 819 hoe transmissions 


621.397.62:621.396.662 2066 

Simplified TV Receiver Channel Switching 
Mechanism J A. Hansen (Jele Tech, sol 7, 
pp 46 38, 72, December, 1948 ) A compact 12 
channel superheteredyne tuner which uses a4 
sliding carriage to carry the tuning elementa, 
Phe sound it is about 21.75 Me and the vision 
it 26.25 Me Pertormance is discussed, 


621.397.743(73) 2067 

Television in 1949—Stations and Networka 
lin the U.S.A.]— (7 ele- Tech, vol. 7, December, 
1948, Supplement) Map and brief tabulated 
data of stations now existing or under con- 
struction. 


621.397,823:629.135 2068 

Television Interference by Aircraft——-A. H. 
Cooper, (Wireless World, vol. 55, pp. 142 145, 
Apul, 19419 ) The use of directive receiving 
antennas reduces the region within which an 
aitetatt causes interterence, but a greater all- 
round reduction of interference is usually ob- 
tained by raising the receiving antenna Re- 
moval of the de component from the recused 
Signal eliminates fluctuations in picture bright- 
hess; the changes in contrast due to the inter- 
ference ate not then so noticeable, The design 
of a filter to attenuate frequencies between 1 
cps and 25 cps, to mitigate some disadvantages 
of removing the de component, is discussed 


TRANSMISSION 
621.396.614-621.396.621]:551.510.535 2069 
Ionosphere Sounding [equipment] P 


Maguer. (Radio Franc, pp. 7-12; April, 1949 ) 
Description, with complete circuit diagrams, of 
(a) a transmitter giving 50 usccond pulses with 
peak power of 1.6 kw and recurrence frequency 
of 50 per second, and (b) a wide-band super- 


| heterodyne receiver with good sensitivity, in 


which a cro sweep circuit of simple design gives 
à height-scale accuracy approximating to that 
obtained with a erystal oscillator and its some- 
what complex frequency-division circuits 


621.396.61:621.316.726 2070 

Frequency Control in Transmitters — 11. B 
R. Boosman and Lk. H. Hugenholtz. (Com- 
municdtion News, vol. 9, pp. 21232; September, 
1947.) Discussion of various methods of ob- 
taining high stability of trequency and ac 
curacy of tuning, including methods involving 
the principles ot trequency-adjustment control 
and decade tuning. A number of discriminator 
circuits and circuits suitable for synchroniza- 
tion with a high harmonic of a control fre- 
quency are also described. 


621.396.61:621.316.726 2071 

Telesynchronization with Standard Fre- 
quency- L. Rohde and R. Leonhardt. (Fern- 
meldetech. Z., vol. 2, pp. 85 90; March, 1949.) 
Detailed discussion of methods of phase and 
frequency synchronization, with particular 
reference to the. control. of. common-wave 
broadcasting transmitters, Methods of deriving 
à control voltage from the phase or frequency 
difference between the standard and the local 
generator are described, The case where the 
ratio of the standard and local frequencies is 
that of two reasonably small integers is also 
considered, 


VACUUM TUBES AND THERMIONICS 


621.383 2072 
Lead Selenide Photoconductive Cells —C. 
J. Milner and B. N, Watts. ( Nature (London), 


1949 


70l. 163, p. 322; February 26, 1949.) Cells pre- 
bared by an experimental chemical deposition 
- »rocess are found to have a broad sensitivity 

naximum at 3 to 4 u. Appreciable sensitivity 

as so far only been exhibited at low tem- 

»eratures. 


521.383 2073 

Bismuth Sulphide Photocells—B. T. Kolo- 
niets. (Zh. Tekh. Fiz., vol. 19, pp. 126-131; 
January, 1949. In Russian.) The photo cells 
ire made with synthetic Bi;Sy Various ex- 
perimental characteristics are plotted. This 
type of cell is particularly suitable for auto- 
matic control applications. 


521.383 2074 

Photoelectric Multipliers—S. Rodda. (Jour. 
Sci. Instr., vol. 26, pp. 65-70; March, 1949.) 
Discussion of fundamental principles, emissive 
materials, electrode shapes, current fluctua- 
tions, dark current, fatigue phenomena, prac- 
tical circuits, applications, etc. 


621.383 :535.215 2075 

On the Interpretation of Observations on 
the Photoelectric Voltages with Intermittent 
Light—Gorter, Broer, and Snoek. (See 1916.) 


621.383 :535.215 2076 
On Photoelectric Voltages in Light-Absorb- 
ing Materials—Snock and Gorter. (See 1915.) 


621.383 :621.396.645 2077 

The Development of a Photoelectric A.C. 
Amplifier with A.C. Galvanometer—M ilatz and 
Bloembergen. (See 1908.) 


621.385 2078 

Standard Valves (Book Review]—Standard 
Telephones and Cables, 1947, 328 pp. 15s. 
( Nature (London), vol. 163, p. 387; March 12, 
1949.) Details and technical data of ordinary 
tubes, cathode-ray tubes, cold-cathode relays, 
v.m. tubes and disk-seal uhf triodes manufac- 
tured by the above firm. Brimar tubes are not 
included. 


621.385 2079 

New Miniature American-Type Valves 
Made in France—M. Leroux. (Radio Prof. 
(Paris), vol. 18, pp. 6-9 and 18-20, 23; March 
and April, 1949.) Full technical details, with 
operational characteristics and practical cir- 
cuits. The tubes include pentodes 6AGS5, 6AUS, 
6BAG, GAKS, output tubes 6AQ5 and 6AKO, 
double-diode triode 6AT6, diode 6ALS, double 
triode 6J6, high-u triode 6J4, rectifier 6X4, and 
ac/dc tubes 12BE6, 12BA6, 12AT6, and 
12AV6 which are identical with the correspond- 
ing 6-volt tubes except that their heater cur- 
rent is 0.15 ampere at 12.6 volta. 


621.385 2080 
A New Series of Small Radio Valves —G. 
, Alina and F. Prakke. (Philips Tech. Rev., vol. 
“8, pp. 289-295; October, 1946.) Discussion of 
the “A” series or “Rimlock” tubes, 22 mm in 
diameter, for which overheating of the cathode 
ig avoided by joining the glass or metal bulb 
to the flat glass base with a glaze or cement 
which becomes plastic at a comparatively low 
temperature 


621.385 2081 

New Post-War German Valves—(Kadio 
Tech. (Vienna), vol. 25, p. 249; April, 1949.) 
Brief particulars of 15 tubes, including type of 
base and of body and, in some cases, heater 
voltage and current, Output data are included 
| for 3 new developments: UEL71 and VEL11, 
| 2-watt tetrode/pentodes, and UL2, a 1.5-watt 


e putput pentode, 


! 621.385 2082 

Series of Modern Valves for F.M. Broad- 
! casting and for Television —]. Becquemont. 
1 (Onde Élec., vol. 29, pp. 145-151; April, 1949.) 
Í Discussion of methods of achieving small inter- 


Abstracts and References 


electrode distances, high electron densities, 
high anode dissipation, low reaction capaci- 
tance and output impedance, high gain and 
complete separation of input from output. The 
use of Dilver-P, an alloy comparable to kovar, 
together with a glass of the same expansion 
coefficient has made possible the construction 
of a series of tubes in which the various elec- 
trodes are carried on concentric cylinders, 
which form the base connections. The operation 
of welding the Dilver-P cylinders to the inter- 
mediate glass rings to form the tube base is 
carried out in a high-temperature furnace, 
using a graphite mandrel. This construction 
gives short connections to the clectrodes. 
Illustrations are given of a 500-watt triode and 
a 2-kw tetrode with anode cooling fins. 


621.385 2083 

Theory and Applications of Trochotrons— 
H. Alfvén; L. Lindberg; K. G. Malmfors; T. 
Wallmark; and E. Astrém. (Kungl. Tekn. 
Hógsk. Handl., (Stockholm), no. 22, 106 pp; 
*1948. In English.) Includes 5 separate but co- 
ordinated papers. The first, “On Trochoidal 
Electronic Beams and Their Use in Electronic 
Tubes (Trochotrons)," by Alfvén, is an inte- 
grating paper. The equations of motion of 
charged particles in a nearly homogeneous 
magnetic field perpendicular to a nearly homo- 
geneous electric field are discussed, and the 
properties of the resulting trochoidal beams 
are considered in detail. The arrangement of a 
simple trochotron is described. The cathode is 
an electron gun, placed between an L-shaped 
anode and a straight "rail" electrode at nearly 
cathode potential. The electron beam travels 
between the "rail" and a number of "boxes." 
The anode forms one side of the last box, while 
the side of the first box remote from the 
cathode is connected to the rail. Electrodes 
forming sides of the boxes, at right angles to the 
rail, are called spades; those forming sides 
parallel to the rail are called plates. All spades 
and plates, and the anode, are normally at a 
potential of +200 volts relative to the cathode, 
except the spade connected to the rail. The 
beam may enter the first box and be collected 
by the first plate. The beam can be made to 
enter one of the other boxes by altering the 
voltage of the corresponding spade. For earlier 
work, see 3800 of 1945 and 1205 of 1948. 

The second paper, “Design and Properties 
of Trochotrons," by Wallmark, discusses the 
trochotron in greater detail, with illustrations 
of the way in which the beam behaves when 
some electrode voltages are changed by steps. 
Operating conditions, the size of the electrode 
system, electrode materials, etc., are con- 
sidered, 

The third paper, “Design of Trochotron 
Circuits,” by Lindberg, discusses the way in 
which external pulses may be used to operate 
each spade as a self-locking switch. Applica- 
tions to counters, chronoscopes, and pulse-time 
modulation are also discussed 

The fourth paper, “Experimental Investi- 
gation on an Electron Gas in a Magnetic 
Field,” by Åström, discusses experimental re- 
sults concerning currents which flow to elec- 
trodes whose potential is negative relative to 
the cathode. These “negative currents” are 
always accompanied by noise. They occur 
even if there ia no alternating voltage on the 
electrodes. This phenomenon is related to cut- 
off effects in magnetrona. 

The fifth paper, “On the Instability of an 
Electron Gas in a Magnetic Field," gives 
theory primarily proposed as an explanation 
of Ástróm's resulte, but it may also throw 
light on the origin of solar and cosmic noise, 


621.385 2084 

Valves with Resistive Loads—S. W. Amos. 
(Wireless Eng., vol. 26, pp. 119 123; April, 
1949.) Expressions are derived for the maxi- 
inum undistorted output that can be delivered 
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to a purely resistive load by a tube with given 
high-voltage supply. Although the expressions 
are derived for the cathode-follower circuit, 
many of the formulas may be applied to tubes 
with the load in the anode circuit. 


621.385 2085 

Some Recent Developments in the Tech- 
nique of Radio Valve Manufacture —]J. W. 
Davies, H. W. B. Gardiner, and W. H. Gomm. 
(Proc. Inst. Mech. Eng. (London), vol. 158, no. 
3, pp. 352-363; 1948. Discussion, pp. 364 -368.) 
A general account of the mechanical aspects of 
the manufacture of large transmitting and 
high-frequency tubes, with particular attention 
to the making of spiral, squirrel-cage, and 
planar grids, glass-to-metal joints of the annu- 
lar type, using chucks for holding the com- 
ponent parts, and the assembly and alignment 
processes. 


621.385:061.3 2086 

Digests of Papers Presented at Conference 
on Electron Tubes—(£lec. Eng., vol. 67, pp. 
589—600; June, 1948.) Authors’ summaries of 
most of the papers read are given. Full texts are 
being published in the Proceedings of the Con- 
ference on Electron .Tubes (price $3). The Re- 
port on Electron Tube Survey (price $2) prepared 
by an AIEE Committee, contains data on which 
much information discussed at the conference 
was based. Both are obtainable from AIEE Or- 
der Department, 33 West 39 Street, New York 
18, N. Y. 


621.385:621.396.822 2087 
The Noise Factor of Grounded-Grid Valves 
— A. van der Ziel and A. Versnel. (Philips Res. 
Rep., vol. 3, pp. 255-270; August, 1948.) A 
mathematical treatment of  grounded-grid 
tubes in which part of the output noise current 
also flows in the input circuit, giving partial 
noise suppression. Triodes, pentodes, and sec- 
ondary-emission tubes are considered, and the 
effects of circuit and dielectric losses, transit 
time, field inhomogeneities, partition noise, and 
secondary-emission noise are discussed. 
Measurements made on tubes for À— 7.25 
meters agree with theory for curves of noise fac- 
tor against antenna resistance, and for noise 
resonance curves. Loose antenna coupling fa- 
vors a low noise factor, but complete noise sup- 
pression is impossible. Suppression is most ef- 
fective for grounded-grid triodes over a narrow 
frequency band, so that this type of tube is less 
useful for wide-band working. The noise factor 
for secondary-emission tubes is much greater 
than that for triodes. See also 249 of February. 


621.385.029.63/.64 2088 

Some Slow-Wave Structures for Traveling- 
Wave Tubes—L. M. Field. (Proc. LR.E., vol. 
37, pp. 34-40; January, 1949.) The gain per 
unit length of a traveling-wave tube is deter- 
mined by a structure factor. Four types of 
structure are compared, namely (a) helix, (b) 
disk-loaded rod, (c) apertured-disk, and (d) 
helical waveguide. Amplifier performance of 
helix tubes at 10,000 Mc and wide-tuned oscil- 
lator performance (1.5 to 1) with second-har- 
inonic output around 20,000 Mc are considered. 
Design, construction, and performance of a 
10,000- Mc tube of type (b) are also discussed. 


621.385.029.63/.64 2089 

Effect of the Transverse Electric Vector in 
the Delay Line of the Traveling-Wave Valve: 
Part 1 —O. Doehler and W. Kleen. (Ann. Ra- 
dioélec., vol. 4, pp. 76-84; January, 1949.) The 
hypotheses used in different theories of the 
lineat behavior of the traveling-wave tube are 
briefly reviewed and the effect of the trangverse 
electric ficld of the delay line on the interaction 
between the beam and the wave is examined 
This effect appears to have been neglected 
hitherto. The radial field causes five waves to 
be excited instead of the three found on the 
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hypothesis of a purely longitudinal field; the 
gain of the amplified waves can be appreciably 
increased by the action of the radial field. Par- 
ticular types of delay line where such effects 
predominate are discussed and the change of 
gain due to the space charge and to the absorp- 
tion of electrons by the delay line is studied. To 
be continued. See also 1543 of June (Pierce). 


621.385.032.216 2090 

Fluctuation Effects of Emission from Oxide- 
Coated Surfaces—R. P. Bien and Yang Yo- 
Han. (Science Rec. (Nanking), vol. 2, pp. 65- 
70; October, 1947. In English.) Fluctuations 
observed bear no relation to heating current but 
can be explained statistically. 


621.385.032.216 2091 

Thermionic Emission from Oxide Coated 
Cathodes—D. A. Wright. (Proc. Phys. Soc., 
vol. 62, pp. 188-203; March 1, 1949.) Discus- 
sion of an experimental investigation of the 
emission from Ba/Sr oxide cathodes and from 
thoria cathodes under pulsed and dc conditions. 
Semiconductor theory can explain the emission 
and conductivity of cathode coatings. The part 
played by the interface layers between the 
coating and the metal to which it is applied 19 
also considered. For earlier work see 606, 1980, 
and 1981 of 1948. 


621.385.032.216 2092 

Poisoning in High-Vacuum Oxide-Cathode 
Valves—G. II. Metson and M. F. Holmes. 
( Nature (London), vol. 163, pp. 61-62; Janu- 
ary 8, 1949.) The ionizing action of the current 
after leaving the cathode surface is suggested as 
the prime factor leading to cathode deteriora- 
tion. Results of life tests on two batches of a 
particular type of pentode are discussed. Those 
arranged as triodes with anodes strapped to 
screen and suppressor grids and primed with 
200 volts failed after 500 to 1,000 hours, 
whereas those connected as diodes, with con- 
trol grids acting as collectors and +2 volts ap- 
plied between grid and cathode to givea cathode 
current of about 12 milliamps showed little 
deterioration after 6,000 hours. 


621.385.032.216 2093 

Resistance of Oxide Cathode Coatings for 
High Values of Pulsed Emission—W. E. Dan- 
forth and D. L. Goldwater. (Jour. Appl. 
Phys., vol. 20, pp. 163-173; February, 1949.) 
The potential variation of fine ribbon probes 
embedded in standard BaO or SrO coatings 
was observed for 19 tubes. Potential gradients 
were found adequate to admit dielectric break- 
down as a cause of sparking. The resistance of 
SrO cathodes is several times that of BaO or 
mixed-oxide cathodes. Superposition of dc upon 
pulsed emission causes a marked decrease in 
resistance. 


621.385.032.216 2094 

Work Functions and Conductivity of Oxide- 
Coated Cathodes— G. W. Mahlman. (Jour. 
Appl. Phys., vol. 20, pp. 197-202; February, 
1949.) 


621.385.032.42 2095 

A New Air-Cooling System for Transmit- 
ting Valves—W. L. Vervest. (Communication 
News, vol. 9, pp. 92-96; April, 1948.) See also 
2673 of 1948 (de Brey and Rinia). 


621.385.032.5:666.1.037.5 2096 

The Electrode Leads of Transmitting 
Valves—E. G. Dorgelo. (Communication News, 
vol. 9, pp. 38-44; December, 1947,) Survey 
and discussion of various methods of sealing. 


621.385.2 :621.396.822 2097 

Noise Spectrum of Temperature-Limited 
Diodes—D. B. Fraser. (Wireless Eng., vol. 26, 
pp. 129-132; April, 1949.) A simple and com- 
pletely general derivation of the formula for 
the fluctuation currents in plane and cylindrical 
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diodes, with explicit allowance for the transit 
time. When transit time is negligible, the 
formula reduces to that of Schottky. 


621.385.2:621.396.822 2098 
Noise Spectrum of a Diode with a Retarding 
Field—J. J. Freeman. (Jour. Res. Nat. Bur. 
Stand., vol. 42, pp. 75-88; January, 1949.) A 
general expression is derived for the spectrum 
generated by the random emission of electrons 
having arbitrary trajectories within a wave- 
guide. A numerical solution is obtained for the 
potential distribution within a plane diode; 
results are shown as a series of curves, and 
compared with von Laue's results. The equiva- 
lent mean-square fluctuation current due to 
the space charge within a diode is deduced for 
(a) linear potential distribution, and (b) the 
distribution which occurs near the beginning 
of the retarding fiela. In case (a), the equiva- 
lent noise temperature of the diode conduct- 
ance is equal to the cathode temperature, 


621.385.2.032.216 2099 

Some Characteristics of Diodes with Oxide- 
Coated Cathodes—W. R. Ferris. (RCA Rer., 
vol. 10, pp. 134-149; March, 1949.) The Ep- 
stein-Fry-Langmuir equation for the space- 
charge current in a plane diode and the Boltz- 
mann equation for the retarding-field current 
are used to obtain a set of universal charac- 
teristic curves for plane diodes; V.[e/& T| is 
taken as the abscissa. These curves agree with 
experimental measurements wlien a series re- 
sistance is assigned to the oxide cathode. Uni- 
versal curves of incremental conductance and 
tables of functions used are given. 


621.385.3.029.64 2100 

Electronics of Ultra-High-Frequency Tri- 
odes—R. R. Law. (Proc. I.R.E., vol. 37, pp. 
273-274; March, 1949.) An empirical relation 
is deduced for anode efficiency as a function 
of frequency, voltage, and interelectrode spac- 
ing. 


621.385.3.032.29 :621.317.335.2+ 2101 

Triode Interelectrode Capacitances —k.. E. 
Zepler and J. Hekner. (Wireless Eng., vol. 26, 
pp. 53-58; February, 1949.) The variations of 
grid-to-cathode and grid-to-anode capacitance 
with working conditions were invest igated ex- 
perimentally. The effects of the mutual con- 
ductance, amplification factor, and supply 
voltages are shown graphically. A theory is 
given which is in fair agreement with these 
regults. 


621.385.032.29:621.317.335.21 2102 

Interelectrode Capacitance of Valves —B. L. 
Humphreys and E. G. James. (Wireless Eng., 
vol. 26, pp. 26-30; January, 1949.) Discussion 
of measurements made under different operat- 
ing conditions, on two types of tube—DET 22 
and E 1714—whose active clements are all cy- 
lindrical and coaxial. The measurements were 
made on a rf bridge at a frequency of 1 Mc. The 
increase of grid-to-cathode capacitance with 
increasing anode current was much greater 
than that expected theoretically and depended 
greatly on the grid-to-cathode geometry. An- 
ode-to-grid capacitance decreas d very slightly 
with increasing anode current. 


621.385.832:621.397.6 2103 
The Graphechon—A Picture Storage, Tube 
—Pensak. (See 2061.) 


621.396.615.142:621.316.726 2104 

Frequency Stabilization of V.M. Valves— 
H. Borg. (Wireless Eng., vol. 26, pp. 59-73; 
February, 1949.) A simplified discussion of 
general! principles mainly in connection with 
continuous-wave microwave oscillators. Fre- 
quency-control systems are considered in which 
an error voltage, generated between a standard 
reference frequency source and the oscillator 
to be stabilized, is used to correct frequency 


Waves and Electrons Section 


variations of the oscillator. An application ig 
described in which the frequency of a v.m, 
tube at 9,360 Mc is stabilized by comparison 
with a crystal, giving short-term stability, 
relative to the crystal, of the order of +100 
cps. 


621.396.615.142.2 

Valves for Communication on Frequencies 
above 1,000 Mc/s: Part 1-——H. Schnitger. 
(Fernmeldetech. Z., vol. 2, pp. 51-56; February, 
1949.) A general outline of the principles of 
klystrons of the normal and the reflex type, 
with a short account and illustration of the 2- 
chamber klystron of the German Post Office; 
this gives an output of 100 watts on a wave- 
length of 9 cm, 


621.396.645:537.311.33:621.315.59 2106 
Germanium— Important New Semicon- 
ductor—Dunlap, Jr. (See 1968.) 


621.396.645:537.311.33:621.315.59 2107 

Some Novel Circuits for the Three-Ter- 
minal Semiconductor  Amplifier— Webster, 
Eberhard, and Barton. (See 1905.) 


621.396.645:537.311.33:621.315.59 2108 

The Double-Surface Transistor—J. N. 
Shive. (Phys. Rev. vol. 75, pp. 689-690; 
February 15, 1949.) Emitter and collector 
point-contacts bear on opposite faces of a thin 
wedge of Ge and a third contact of larger 
arca is provided on the base of the wedge. 
Separation between the points should not 
exceed 0.1 mm. Families of curves are given 
which facilitate correct choice of the dc 
operating voltage and give complete informa- 
tion for determining the dynamic input and 
output impedances and the forward and back- 
ward transfer impedances about any selected 
operating point. An explanation of the action 
of this type of transistor is given. See also 913 
of April (White) and back references and 2109 
below. 


621.396.645 : 537.311.33:621.315.59 2109 

Investigation of Hole Injection in Transis- 
tor Action—]. R. Haynes and W. Shockley. 
UPhys. Rev., vol. 75, p. 691; February 15, 1949.) 
The impedance changes at the collector point 
of a transistor were investigated by applying 
an intermittent potential to multiple emitter 
points and observing the resulting probe-cur- 
rent variations. The results are explained in 
terms of the movement of positive particles 
with a mobility of about 1.2103 cm/sec per 
v/cm. ‘ 


621.383 2110 
Photoelectric Celis in Industry [Book Re- 
view]——R. C. Walker. Pitman and Sons, Lon- 
don, 501 pp., 40s. (Electronic Eng. (London), 
vol. 21, p. 68; February, 1949.) Typical uses of 
such cells are discussed from the point of view 
of the practical man whose purpose is to use 
clectrons rather than to theorize about them. 


MISCELLANEOUS 


621.39 2111 

What the S.C.E.L. [Signal Corps Engineer- 
ing Laboratories] is Doing—H. A. Zahl 
(FM-TV, vol. 9, pp. 13-22; February, 1949.) 
A general survey of work in many fields. De- 
velopment work is the primary task, but basic 
and applied research work related to the mili- 
tary effort is also undertaken. 


621.396 2112 

Radio Progress during 1948—(Proc. LR.E. 
vol. 37, pp. 286-322; March, 1949.) A general 
review with a bibliography of 855 references. 


621.396 Popov 2113 

Alexander S. Popov—J. B. Thornton. 
(Wireless Eng., vol. 26, pp. 141-142; April, 
1949.) Comment on 1842 of 1948 (G. W. O. H.). 
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Monet-Covered for dangerous, corrosive atmospheres... 


RELIANCE EXPLOSION-PROOF MOTORS 


Where sparks are hazardous, and corrosion is 
a threat, Reliance Explosion-Proof Motors offer a 
dependable solution to power problems. 


Fully enclosed, fan cooled, with corrosion-vul- 
nerable parts made of rustproof Monel*, these 
motors are designed to give safe operation and 
maximum service life in chemical and industrial 
plants where adverse operating conditions prevail. 

Reliance Explosion-Proof Motors are constructed 
with squirrel cage frames for two and three phase 
A.C. circuits. Class A windings have continuous 
duty ratings of 55° C; Class B windings 55° or 
75° C. Motors are available with Underwriters’ 
Label for Class I, Group D, hazardous locations. 


To provide adequate corrosion resistance for 
exposed parts, Monel* is used for fan covers and 
screws, outer stator covers, shaft collars, and lead 
outlet pipe nipples. Reliance engineers chose Monel 
for these applications because of its unique com- 
bination of physical properties. For in addition to 


See us af Booth 102, September 12 to 16 
4TH NATIONAL INSTRUMENT EXHIBIT 


Municipal Auditorium 


$t. Louis, Missouri 


August, 1949 


pc 
M 0 iH E L .. . for Minimum Maintenance 


being rust-proof and highly corrosion-resistant, 
Monel is stronger than structural steel. It is hard, 
tough, wear-and-abrasion resistant, yet ductile 
enough for forming and machining without spe- 
cial tools... an ideal metal for use where severe 
conditions of corrosion, wear, and stress are 
anticipated. 

This is but one of countless ways the family of 
INCO Nickel Alloys is serving industry . . . improv- 
ing product usefulness, reducing maintenance 
costs. Next time you are faced with a problem 
that demands a "task metal," why not consult our 
Technical Service Department? You may find that 
one of the INCO Nickel Alloys has proved satis- 
factory under similar service conditions . . . and 
save yourself the cost of independent research. 


Write for "List B," a directory of the many 
helpful INCO periodicals and technical bulletins. 


*Rog. U. 8. Pat. Off. 
THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Woll Street, New York 5, N. Y. 


For full information about Reliance 
Explosion-Proof Motors, write to: 


1076 Ivanhoe Road, Cleveland 10, Ohio 


Reliance Electric and Engineering Company 
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Q UALITY in miniature 


The Tiny, Five-Gram 
CQ CRYSTAL CARTRIDGE 


—— s ~, 


Miniature size, light weight 
requirements in pickup cartridges 
have a splendid answer in Astatic’s 
new CQ Crystal Cartridge. Literally, 
everything is reduced but the reproduction 
quality. Weighing only five grams, the CQ 
offers an excellence of frequency response that 
is enviable in any size unit. Output is 0.7 volts 
at 1,000 c.p.s. Needle pressure is five grams. 
Employs replaceable, one-mil tip radius Q-33 
needle. Model CQ-] fits standard 2” mount- 
ing and RCA 45 RPM record changers. 
Model CQ-1] fits RMA No. 2 Specifications 
for top mounting .453” mounting cen- 
ters. Have cast aluminum housings. 


Write for additional details. 
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Television Station WAGA; May 20, 1949 


BALTIMOKE 


“Interference Probleme.” by E. W. Chapin 
Chief Engineer, Federal Communications Commis- 
sion: “Advantages of FM Transmission of Tele- 
vision Programs in the UHF Band," by$W. K 
Roberts, Assistant Chief iam ipa Kederi Cami 
munications Commission; Business Meeti r 
natlon of Officers; May 24, 1949 


BEAUMONT-PORT ARTHUR 


“Electron Optics and Its Applications,” by 
R. H. Biser, Faculty of Lamar College; May 24, 
1949 
BUENOs AIRES 


Election of Officers; Apri! 8, 1949, 


BurFALO-NIAGARA 


Nomination of Officers; May 12, 1949. 

“A Flow Meter for Granular Substances y 
J. F. McCullough; “A Magnetic Thickness Gauge 
by R. Rowe, Carborundum Company; “Compari 
sons Between American and British Television,” by 
D. Swaine, Colonial Radio; Election of Officers; 
May 18, 1949. 

BosroN 


“A New Long-Playing Disk Recording Sys 
tem," by P. C. Goldmark. Columbia Broadcasting 
System, October 26, 1948. 

^ New Method for Measuring the Product ot 
Two Voltages Using a Single Vacuum Tube,” by 
D. B. Sinclair. Assistant Chief Engineer, General 
Radio Company. November 18, 1948 

"The Electronic Theory of the Transistor." by 
W. Shockley, Bell Telephone Laboratories; Decem- 
ber 16, 1948. 

"The Physical Concepts in the Statistical Ap- 
proach to Communication. Problems," by R. M 
Fano, Massachusetts Institute of Technology 
January 20, 1949 

"Traveling-Wave Amplifiers.” by H. G. Ruden 
berg. Raytheon Manufacturing Company; February 
17. 1949. 

Radio Telemetering.” by C. H. Hoeppner, 
Raytheon Manufacturing Company; March 24 
1949 

"Psycho-Acoustic Aspects of Speech Com 
pression," by J R. Licklider, Faculty of Harvard 
University; April 21, 1949 

"Television Station Installation. and Opera 
tion." by W. H. Hauser and S. V. Stadig. Radio 
Station WBZ; Election of Officers; May 26, 1949 

"Microwave Spectroscopy," by R. Karplus and 
E. Fletcher, Faculty of Harvard University; June 

1949, 

Cepar Rarips 
The Baldwin Electronic Mrd by A. F. 


Knoblaugh, The Baldwin Pia any, May 12 
1949. 


CINCINNATI 


Election of Officers; June 15, 1949. 


CLEVELAND 


Inspection Tour; “Descri ption of WNBK and 
WTAM Studios,” by E Leonard, Engincer-in 
Charge, National Broadcasting Company Cleve 
land Facilities; and A. Hammerschmidt Super- 
visor. Television Operations; May 26. 1949 
CONNECTICUT VALLEY 


Election of Officers; June 4, 1949. 
(Continued on page 394) 


EEDINGS OF THE L.R.E. August, 1949 


ADVENTURES IN ELECTRONIC DESIGN 


Centralab Announces the NEW 
| MODEL 2 RADIOHM CONTROL! 


OTHER MODEL 2 
RADIOHM CONTROLS 


uw» 
op he 
| 


A L. 
Left: plain type. an E 
type — concentric shaft, twin 


with taps. 
c 


t 


L— 


Left: switch type—with taps. 
Right: switch type—twin. 


ALL’ MODEL 2 CONTROLS ARE "X," IN DIAMETER — RATED AT 74 WATT. 


HERE THEY ARE! Centralab's Model 2 Radiohm Controls. linched terminals insure firm, positive connections. See how 
Designed by skilled Centralab engineers, these new quality Model 2's complete line of 3 basic switches (5, 8 and | 
controls are used in television, radio, sound, motion picture amp.) gives you 24 switch combinations for real flexibility 
ind other electronic equipment. Precision-built with a spe- in application and design. See how Model 2's tap positions 
omposit material se apse bonded to a at 50 and 62% percent of rotation simplify wiring 

\ problems, Yes — check all of the outstanding advantages of 

Centralab's fine new Model 2 Radiohm Controls and you'l’ 

agree they're the right controls for you. For com] lete in 


formation, sec your Centralab representative or write direct 


"air — DEVELOPMENTS THAT CAN HELP YOU IÐ 


Division of GLOBE-UNION INC. e Milwaukee 


Centralab reports to 


] 
i 
l 
| 
^T 
| 
à 


Sand 


the Frazer Cori 


It also found that this tiny 
Production costs almost 60%. 
r Frazer is proud of being first in the British 
Empire to use Ampec in hearing aids? 


Centralab’s Ampec, above, is an inte- Cou plate consists of plate lead and 
gral assembly of tube sockets, capaci grid resistors, plate by-pass and coup 
tors, resistors and wiring combined ling capacitors. Minimum soldered 
into One miniature amplifier unit connections speed production 


Electronic Industry 


Let Centralab's complete Radiohm line take care of your special needs. Wide range 

f variations Model “R” — wire wound, 3 watts; or composition type, 1 watt 
Model "E" — composition type, V4 watt. Direct contact, 6 resistance tapers. Model 
'M’ composition type, 1^ watt. 


Hi-Vo-Kaps are filter and by-pass ca- Ceramic Trimmers ate made in five 
1 bin 0 small basic types. Full capacity change 
connec- within 180° rotation, Spring pressure 

maintains constant rotor balance. 


t CRL's New Rotary Coil and Cam In 
l K 


ew Slide Switch gives you improved ll Great Step forward in switching is 
ction, lon lif 


IMPORTANT BULLETINS FOR YOUR 


;8CW Man — 


CXPELTHAITUTIACI 
-— — oe - 
Pe DISC wim ane 
EXIDTFHERHITTEE3 


SCHNICAL LIBRARY! 


oz ROTARY SWITCH d 
ODUCT Civit w o alles 2 
ae aise 
LEVER SWITCH — 
he O PrOSUCI PEC VIEW @ 
PENTOOE COUPLATE | -— T9 
fooucr aoe eK : 


973 
42-6 
999 


42-9 


42-3 


42-4 
42-10 


695 
981 


42-18 


814 
975 


Look 


KALLIITA "CEN 


CENTRALAS KLIE TE ig 


Choose From This List! 


Centralab Printed Electronic Circuits i 


AMPEC — three-tube P. E. C. amplifier 
CouPLATE — P. E. C. interstage coupling plate 
PENTODE COUPLATE 
plate 


FiLPEC — Printed Electronic Circuit filter. 


Centralab Capacitors 
BC TuBULaAR Hr.KAPS 
temperature compensation is unimportant. 
BC Disc Hr-KAPS 
Hr-Vo-KAPs 
cation 
CERAMIC TRIMMERS 
Ht-Vo-Kaps 
jobbers 
TC Capacitors 


CRL trimmer catalog 
capacitors for TV application 


CAPACITORS 
FT Hr.KaPs 


high-voltage capacitors 
feed-thru capacitors. 


specialized P. E. C. coupling 


capacitors for use where 
miniature ceramic BC capacitors 
high voltage capacitors for TV appli 
For 


temperature compensating capaci 


Centralab Switches 


953 — SLIDE SWITCH — applies to AM and FM switching cir- 
cuits 

LEVER SwiTCH 
Rotary SwiTCH 
Switcit CATALOG 
switches 


970 — 
995 
722 


shows indexing combinations 
schematic application diagrams 
facts on CRI's complete line of 


Centralab Controls 


42-7 — MODEL "1" RADIOHM 
produced control 
VARIABLE RESISTORS 
Resistors 


world's smallest commercially 


697 — full facts on CRL Variable 


Centralab Ceramics 


CERAMIC CATALOG — CRL's steatite and ceramic prod. 
ucts. 


720 


General 


26 — GENERAL CATALOG — Combines Centralab's line of 
products for jobber, ham, experimenter, serviceman or 
industrial user 


to CENTRALAB in 1949! First in component research that means lower costs for the electronic 


industry. If you're planning new equipment, let Centralab's sales and engineering service work with you. For 
complete information on all CRL products, get in touch with your Centralab Representative, Or write direct. 


E CENTRALAB N 
Division of Globe-Union Inc. " 
| 900 East Keefe Avenue, Milwaukee, Wisconsin fa 
Yes— wauld like to have the CRL bulletins. checked below, for my technical library! 
| 93  []429 42.18 953 953 722 720 B T 
O 426 D 423 695 [] 814 970 42-7 26 
A 0999 D 42-4 981 C] 975 995 697 E 
E Nome E 
s Address E 
E] City State E 


— for the Bulletins you want 


TEAR OUT COUPON 


Division of GLOBE-UNION INC. - Milwaukee 


[a 


(Continued from page 34A) 


DarLas-FonrT WORTH 


*Silicones—Electrical Properties and Applic. 
tions,” by Southwest Manager, Dow Corning 
Corporation; May 17, 1949. 

“Pulse Time Modulation," by R. G. Maddox 
Federal Telephone and Radio Corporation; June 2 
1949. 

DAYTON 


“IRE Affairs,” by S. L. Bailey, President. The 
Institute of Radio Engineers; Election of Officers; 
May 12. 1949. 

DETROIT 

“FM—FM Telemetering System,” by H. B 
Schultheis, Research Engineer, Bendix Aviation 
Corporation; May 20, 1949. 


Fort WAYNE 


l “The Automatic Telephone Exchange,” by 
E. J. Kane, Home Telephone and Telegraph Com- 
pany, Election of Officers; May 23, 1949. 

“Microwaves, Their Development and Use. 
by M. G. Staton, RCA-Victor Division; “Brain 
Waves,” by C. Mengani, Indiana Technical College; 
June 13, 1949. 

LONDON 

“Annual Banquet Meeting.” by F. H. R. 
Pounsett, Stromberg-Carlson Company, ltd 
February 16, 1949. 

“Hysteresie Effects.” by J. Young; “Frequency 
Divider Networks.” by .D. Aaronson; “Three- 
Dimensional Cathode-Ray Display,” by N. Broten; 
March 11, 1949. 

“Practical Aspects of Modern Directional 
Broadcast Antenna Arrays,” by G. A. Robitaille 


il 
| Chief Engineer, CFPL; April 29, 1949. 
1 “Practical Discussion of General Antenna -[-- 
Engineering,” by J. E. Hayes, Columbia Broad- | 
casting Company; Election of Officers; May 27 BoTEWTIDNETE ‘ 
1949. LPOTENTIOMETE!I 
Los ANGELES HIGH-RANGE 
MAE gna Symposium and panel discussion; Schematic diagram V LT M ETE R 
MILWAUKEE No. 791 kilovoltmeter | 
Election of Officers; June 9, 1949. multiplier 
Ne» Yo MULTIPLIERS 
“The Stratovision System.” by C. E. Nobles 
Westinghouse Electric Corporation; December 1 ee 
1948 and voltage dividers 
*The Electron Wave Tube." by A. V. Haeff 
Naval Research Laboratory, and J. R. Pierce, Bell Types to 200,000 volts 
Telephone Laboratories; December 16, 1948 
“A Field Test of UHF Television in the Wash- , ; 
ington Area," by G. H. Brown, RCA Laboratories; Whether for direct high-voltage measurements or for 
Janiary S. Dn : use as standards in determining the exact voltage of a frac- 
“Instantaneous Audience Measurement Sys- á 3 kál Kil 
tem (IAMS).” by P. C. Goldmark, J. W. Christense tional segment of a high-voltage supply, Shallcross Kilo- 
A. Bark. J. T. Wilner, and A. Goldberg; Columbia voltmeter Multipliers combine close accuracy with safety 
Broadcasting System; January 19, 1949. nd de endabilit 
“A New Microwave Triode,” by J. A. Morton a P y " Toe t 
A. E. Bowen, W. W. Mumford, and M. E. Hines The No. 791 kilovoltmeter multiplier illustrated above 
Tt m sen e e ered " e R provides a ready and accurate means of determining a-c and 
Motion Picture on “Atomic Physics,” by : a ; 
Dunning, Faculty of Columbia University; Feb d-c potentials up to 40,000 volts with outstanding accuracy. 
ruary 16, 1949 Other Shallcross types have been supplied for voltages of 
a Dëvclopment of a Largu MoA E ingone for 200,000 volts and higher. Whether your need is for a unit 
elevision.” by J. Kelar, H. P. Steier, C. T. Latti E y 
more, and R. D. Faulkner, Radio Corporation of designed for ordinary voltage ranges or for nuclear research 
America; February 23, 1949 development, chances are that Shallcross standard designs 
“Design Problema in Meeting NAB Tentative aie s | sah fill che bill. W auf Coms 
Magnetic Recording Standards,” by W. F, Stewart. or a apratons MERGO) can 1 tne Di of ne or reco 
f* Radio Corporation of America, “Noise Factors in mendations, stating details of your application. 
, 8 y: 


Magnetic Tape Recording.” by D. G. C. Hare 
Consulting Physicist; -March 2, 1949 


“A Facsimile Multiplex System for FM Broad S H A L L C R 0 S S M F G . C 0 . 


casting Networks,” by W. S. Halatead, President 
Communications Research Corporation; April 6 Resistors * Instruments * Switches ° Attenuators 


1949. 
Cini NR Dept. PR-89 COLLINGDALE, PA. 
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Series 


I : 
C oA `~ Provides Famous 
ADC Quality 


at Low Cost 


The unvarying high quality of ADC trans- 
formers has been recognized by electronics 
engineers through the years. This record for 
dependability and close tolerances over wide 
frequency ranges results from: 

€ Troining ond experience in transformer design. 
€ A coreful system of production testing. 

€ Modern production methods. 

€ Use of only quolity moteriols. 


NOW! ADC has designed a new line of transformers 
to meet a present day industry need for high trans- 
former quality at lower prices. Industrial Series 


Yeoman Series for 
Quality at Lower Price 


The Yeoman series of low-priced transformers 
includes a number of new designs not previously 
offered by ADC, and some features of both the 
famous ADC Quality Plus and Industrial lines. 
Substitution of open frame construction for 
hermetic seals and flexible leads for solder ter- 
minals are among design changes made in the 
interest of economy. 

The industry will find many uses for the 
accurate, dependable, trouble free performance 
of ADC transformers in the Yeoman price range. 
This new transformer line covers all types of 
applications; i.e., input, output, bridging, power 
transformers and chokes. 


MV 


Quality Plus Series 


For full information about ADC transformers, 
Write Today for your new ADC catalog. 


(ADO ludia DEVELOPMENT co. 


2855 -13th AVENUE SOUTH, MINNEAPOLIS 7, MINN. 
“Audio Develops the Finest” 


Transformer 


PROCEEDINGS OF THE LRE 


Section Meetings 


(Continued from page 394) 


“Acoustic Lermes for Audio-Frequency Applica- 
tions,” by W. E. Kock, Bell Telephone Laboratories; 
April 18, 1949. 

“Image Quality in Photography and Tele- 
vision," by O. II. Schade, RCA Victor Division; 
May 4, 1949. 

*Some Circuit Aspecta of the Transistor," by 
R. M. Ryder, Bell Telephone Laboratories; Election 
of Officers; June 1, 1949. 


Nort CAROLINA-VIRGINIA 


“Television Station Design," by J. N. Comer, 
General Electric Company; May 27, 1949. 


PITTSBURGH 


“Control Problems in Nuclear Power Plants,” 
by M. A. Schultz, Westinghouse Electric Corpora- 
tion; Election of Officers; June 13, 1949. 


PORTLAND 


*Changing Patterns that Influence Engineer- 
ing Decisions," by C. W. Leihy, Executive Vice- 
President, Electrical Publications, Inc; Dedication 
of Dearborn Hall, May 28, 1949, 


SALT LAKE 


“Directional Antennas," by S. Benson, Radio 
Institute; June 1, 1949, 


SAN DrEGO 


*Radar System Requirements for Maximum 
and Minimum Range," by W. S. Ivans, Con- 
solidated Vultee Aircraft Corporation; April 5, 1949. 

“Atomic Energy Possibilities," by L. E 
Reukema, Faculty of University of California; 
April 26, 1949. 

Television Symposium on *Technical Prob- 
lems of Studio Production," by R. W. Clark 
National Broadcasting Company; ‘Television 
Receiver Installation and Service Problems,” by L. 
Borgeson, Radio Corporation of America Service 
Company. Inc.; Round Table Discussion, led by L. 
Papernow, Television Broadcasting Company; 
June 7, 1949, 

SEATTLE 


“Distributed Amplifier,” by R. A. Witson, 
Graduate Student, University of Washington; 
“Base Reflex Increase," by R. Foss, Graduate 
Student, University of Washington; “RC Coupled 
Feedback Amplifiers,” by L. D. Barter, Graduate 
Student. University of Washington; May 26, 1949. 

*L-1 Carrier Telephone System,” by D. Nutt- 
ing. Pacific Telephone and Telegraph Company; 
June 10, 1949. 

WILLIAMSPORT 
“The Use of Stratovision in the UHF Band,” 


by C. E. Noble. Westinghouse Electric Corpora- 
tion, May 25, 1949, 


SUBSECTIONS 
AMARILLO-LUBBOCK 
"Westinghouse 50 Kw AM Transmitter," by 
Messrs, Massey and McHoney, Sales Engineer and 
Service Engineer; May 16, 1949, 


STUDENT F 
BRANCH 


Bv 
UNIVERSITY OF CALIFORNIA SOCIETY OF 
ELECTRICAL ENGINEERS— 
IRE-AIEE BRANCH 
Field Trip; May 10, 1949. 
Field Trip; May 19, 1949. 


UNIVERSITY OF COLORADO—IRE BRANCH 


"The Electret," by W. E. Brittin, Faculty of 
University of Colorado; Nomination of Officers: 
May 25, 1949, 

(Continucd on page 42A) 
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> » ELECTRONICS 
~ 


For Accurate and Up-to-date News of Every British 
Development in Radio, Television and Electronics 


IRELESS WORLD s Britain's leading technical IRELESS ENGINEER is read by research 

magazine in the general field of radio. television engineers, designers and students, and is accepted 
and electronics. For over 37 years it has consistently internationally as a source of information for advanced 
provided a complete and accurate survey of the newest workers. The Editorial policy is to publish only 
British technique in design and manufacture. Articles of original work, and representatives of the National 
a high standard include reviews of equipment. broadcaet Physical Laboratory, the British Broadcasting Corporation 
receivers and components, while theoretical articles deal and the Engineering Department of the British Post 
with design data and circuits for every application. Office are ineluded on the Editorial Advisory Board. 
WIRELESS WORLD is published monthly 26s. ($5.50) a year WIRELESS ENGINEER is published monthly, 32s. ($6.50) a year 


ASSOCIATED 


Subscriptions can be placed with British 
Publications Ine., 150 East 35th Street, 
New York. 16. N.Y., or sent direct by 


International Money Order to Dorset House, 


ILIFFE Stamford Street. London, St. England. 


PUBLICATIONS Cables “ Hiffepres, Sedis. London.” 


SS emet 


ASSOCIATED TECHNICAL BOOKS: “Television Receiving Equipment” (2nd Edition) by W. T. Cocking, M.LE.E. One of the most 
important British books on television, 13 shillings ($2.60) “Wireless Direction Finding" (Mh Edition), by R. Keen, B.Eng (Hons 
A.M.LE.E. An up-to-date and comprehensive work on the subject, 45 shillings ($9.25); available from the British address above. 
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AIRCRAFT 
RADIO 
CORPORATION 


-Simplified 
-Compact 
-Portable 


@ 900.2100 megacycles, 
single band 


Built to 
Navy Specifications 
for research 
and production 
testing 


— 


Internal pulse generator with controls for width, 
delay, and rate. Provision for external pulsing 


e Directly calibrated, single 
dial frequency control 


Directly calibrated 
attenuator, 0 to -120 dbm 


CW or AM pulse modulation 


Controls planned and grouped for ease of 
operation 


Weight: 42 Ibs. Easily portable—ideal for air- 
borne installations 


Immediate delivery 


Write for specificatioas — investigate the 
advantages of this outstanding new instrument. 


DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 


Aircraft Radio Corporation 


BOONTON, New Jersey 
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PROCEEDINGS OF THE LR.E 


STUDENT 
BRANCH 


"| MEETINGS: 


——— 


al 


GEORGIA SCHOOL OF TECHNOLOGY—IRE BkANCH 
"Tour of Transmitter Station," by C. F 
Daugherty, Radio Station WSB; April 27, 1949, 
“Manufacture of Power Transformers,” by B 
J. Sturman, Jr., Westinghouse Electric Corporation; 
Election of Officers; May 3, 1949. 
Film, “Stepping Along with T-V”; May 19, 
1949. 


Lv —— e 


(Continued from paye 404A) 


lowa STATE COLLEGE—IRE-AIEE BRANCH 
Election of Officers; May 24, 1949. 


SiaTE University OF [OwA—IRE BRANCH 
Student Talks; May 11, 1949. 

Student Talks; May 18, 1949. 

Election of Officers; May 25, 1949, 


UNIVERSITY OF MINNESOTA—IRE-AIEE BRANCH 

“Color Movies on Hawaiian Islands,“ by R. T 
S. Carter, President, RTS Carter Company; May 
10, 1949 


NEWARK COLLEGE OF ENGINEERING— 
IRE BRANCH 
*The Graphic Recorder as a Measuring Tool, 
by L. P. Reitz, Sound Apparatus Company; May 
18, 1949. 


New York UNIVERSITY—IRE BRANCH 


Business Meeting and Election of Officers; May 
24, 1949, 


NORTH CAROLINA STATE COLLEGE— 
IRE BRANCH 
“Opportunities for Engineers in the Federal 
Service," by E. McCrersky, Director of Personnel 
Office of Naval Research; May 25, 1949, 


OREGON STATE CoLLEGE—IRE BRANCH 

*High Voltage Power Arc Test," and movie of 
test, by E. C. Starr, Faculty of Oregon State Col- 
lege; Election of Officers; May 25, 1949. 

“Factors Which Affect Engineering Decisions,” 
by C, W, Leihy. Executive Vice-President, Electri- 
cal Publications [nc.; and Banquet; May 28, 1949, 

PURDUE UNivERSITY—IRE BRANCH 

*Ceramic Dielectric? Ceramic Capacitors, and 
Printed Circuits," by B. Marks. Centralab Com 
pany; Electicn of Officers; May 31, 1919, 


St, Lovis UNivERSITY—IRE BRANCH 
Election of Officers; March 24, 1949 
“Telemetering.” hy P, T. Ramey, Union Elec- 
tric Company; April 21, 1949, 

Selenium Rectifiers,” by F, A. Waelterman, 
Vickers, 1nc.; April 28, 1949. 

“Missouri Society of Professional Engineers,” 
by E. S. Rehagen, Westinghouse Electric Corpora- 
tion; May 19, 1949, 


San DiEGO STATE COLLEGE—IRE BRANCH 


Election of Officers; May 17, 1949. 
“Visual Understanding of Video," by R. T. 
Silberman, Student; May 23, 1949, 


SEATTLE UNIVERSITY—IRE BRANCH 
Election of Officers; April 21, 1949, 


StaNForD UNIVERSIiy—IRE-AIEE BRANCH 
Election of Officers; “General Electronics Re- 
search Picture at Stanford,” by F. E. Terman 
Faculty of Stanford University; Student Talks; and 
Open House; May 25, 1949. 


August, 1949 


UNIVERSITY OF WASHINGTON 
IRE-AIEE BRANCH 


“Northwest Power Problems," by Mr. Lamp- 
son, B.P.A.; December 9, 1948. 

Business Meeting; February 9, 1949 

Business Meeting and Nomination of Officers; 
April 8, 1949. 

Business Meeting and Election of Officers; May 
2, 1949. 


Wayne University—IRE-AIEE BRANCH 


Election of Officers; May 12. 1949. 
*RF Induction Heating,” by Mr. Cardwell, 
Westinghouse Electric Corporation; June 2. 1949. 


The following transfers and admissions 
were approved and will be effective as of 
August 1, 1949: 


Transfer to Senior Member 


Baldwin, L. W.. Box 118, R.F.D. 1, Oxnard, Calif 
Byers, H. G., 133 Glengarry Ave., Toronto 12 Ont., 
Canada 
J. M., 359 N. Datil Dr 
Mex 
Davis, A 920 East 49, Austin, Tex 
nnison, B. H., 1314 S. Pollard St., Arlington, Va 
De Shong, J. A., Jr., 1414 N. Austin Bldv., Oak 
Park, Ill. 
Hidy, J. H.. 4410 S. Peoria, Box 58, Tulsa, Okla 
Klein, R. M., 2200 Morris Ave., New York 53 
N.Y 
Lundahl, T., Columbus, Sherburne, N. Y. 
Martin, A. E., 226 West 137 St., New York 30, N. Y 
Masters, R. W., Marlton Pike & Wesley Ave 
Erlton, N. J. 
y, J. R., Navy Electronics Laboratory, 
San Diego 52, Calif. 
Perper, L. J., 3255 Ridge Ave., Dayton 5, Ohio 
Rochester, N., R.F.D. 2, Wappingers Falls, N. Y 
Rollefson, K. E., 1615 Ridge Ave., Evanston, 111 


Courtney Albuquerque, N 


Shepherd, W. G., 2176 Stanford Ave., St. Paul, 
Minn 

Talmage, F. E., 340 Comly Ave., W. Collingswood 
N.J 


Admission to Senior Member 


Altovsky. V. A., 88 rue Lecourbe, Paris 15, France 

Bartlett, S, C., 74 Etville Ave., Yonkers 2, N. Y 

Bernreuter, H. A., 5208 W. Kinzie St.. Chicago 44 
nt 

Bowie, W. G., 302 Houston Ave., Syracuse 10, N. Y 

Dorff, L. A., 92 Hawthorne St., Glen Ridge, N. J 

Fong. C., National Bureau of Standards 
Electronics Division, Washington, D. € 

Given, F. J., Bell Telephone Laboratories, Murray 
Hill, N.J 

2912 Holton Ave.. Fort Wayne 5 


420 Market St., San Francisco 11 


Lynbr ' N. Y 


iy Field Forces Board f4, Fort 


wood, Cali 
Raymond, F. H., 37 A 


(Gat 
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TRANSFORME 


New York Transformer Company builds 
hermetically sealed transformers to meet 
your most exacting requirements. Speci- 
fications are translated by NYT experi- 
ence and skill into the components you 
require. 


Enlarged facilities for the development 
and manufacture of fine equipment 
assure the production of hermetically 
sealed units in accordance with your 
schedules. Ten or ten thousand—every 
transformer is built with the same spe- 
cialized care. Shop procedures for test- 
ing insure the perfection of the seal on 
every unit. Hermetically sealed trans- 
formers from NYT meet all civilian and 
government specifications — including 
current JAN T-27, U. S. Navy 16-T-30, 
and Signal Corps 71-4942. Other sealed 
type transformers include specially 
treated, uncased, lightweight units for 
airborne use, built to government speci- 
fication. 


Engineering and design facilities, as well 
as production know-how, are always at 
your service. Write or phone your 
requirements. 
Radio and television power transformers 
and reactors . . . audio transformers, 
filters and chokes « . - control and 
operating transformers... calibrators 
and special equipment for electronics. 


NEW YORK 
TRANSFORMER CO. INC. 


Aipha, 


New Jersey 


43^ 


L 


HIGH CAPACITY 
TO SPACE RATIO 
With Johnson 
Pressurized Capacitors 


JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 


Available as “standard” are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in- 
dividual specifications. 


FEATURES 


e Low Loss 
€ High KV A Rating 


@Shielded From External Electro- 
static Fields 


@ Low Internal Distributed induc- 
tance 


@ Complete Dependability 


Write For Illustrated 
JOHNSON Catalog and 
Prices 


JOHNSON 


a famous name in Radio! 


E. F. JOHNSON CO. WASECA, MINN 
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Spandau, E. P., 801 Broad Blvd., Dayton 9, Ohio 
Victoreen, J. A., 3800 Perkins Ave., Cleveland 14 
Ohio 


Transfer to Member 


Bedwell, T. HL, Physics Department, Florida State 
University, Tallahassee, Fla 

Bittner, B. J., 3110-42 PL, Sandia Base Branch, 
Albuquerque, N. Mex. 

Bodle, D. W., Bell Telephone Laboratories, 463 
West St., New York 14, N. Y 

Brannen, P. M., 244 N. Fifth St., Duquesne, Pa. 

Florman, L. W., 413 N. Rush St., Itasca, Ill. 

Gross, J., Box 973, Nairobi, Kenya Colony, British 
East Africa 

Hancock, N. W., 600-13 St., N. W., Cedar Rapids, 


Towa 
Hoffman, R. Y., Jr., 1234 Ridgewood Dr., North- 
brook, ill. 


Jorgenson, T. O., WEAU Transmitter, R, R. 1, Hy 
Q. Eau Claire, Wis, 

Osbahr, B. F., 206 Eighth Ave., Brooklyn 15, N. Y 

Pfefer, B. L., 428 Woodbine Ave., Syracuse 6, N. Y. 

Ratts. B. H., 2506 Terrace Rd., Fort Wayne 3, Ind 

Schull, G. R., 12131 Mayfield Ave., Los Angeles 24, 
Calif 

Waller. M. J.. R.F.D. 1, Foxboro, Ont., Canada 

Winkler, E. H., 71 White St., Shrewsbury, Red 
Bank, N. J 

Young, C. W., 4745 Nogal St.. San Diego 2, Calif. 

Zupnick, I. N., 768 Linden Blvd., Brooklyn 3, N. Y 


Admission to Member 


Allan, D. K., 925 Louisiana Ave., Baton Rouge, La 

Anderson, C. W., 920 Pine St., St. Louis 1, Mo. 

Baker, E. E.. Jr., Box 379, APO 182, c/o Post 
master, San Francisco, Calif 

Belprez, G. R.. 1322 Chalmers Ave.. Detroit 15, 
Micl 

Bettis. E. S.. Box 105, Oak Ridge, Tenn, 

Bindner, J. T., 1586 Hedding Ct., San Jose 11, Calif. 

Chess, R. B., 1830 South 54 Ave., Chicago 50, III 

Collier. J. W., 1903 Ridge PI.. Washington, D. C 

Cooke, H. F.. Apt. 17. Maxwell Ct., Mains Ave 
Syracuse, N. Y. 

Dahl, A. 1L. 114 Diseton Rd.. Oak Ridge, Tenn. 

Danielsen. A. C.. 1429 South 51, Milwaukee 14 
Wis 

Das, P. N.. 1 Bhaduri Lane, P.O. Serampore, Dist 
Hooghly, Bengal. India 

Diehl, C. E., Box 1535, Salt Lake City 11, Utah 

Frenkel, L. J.. Jr.. 216 South Yale, Albuquerque, N. 
Mex. 

Hassel, E. W., 2911 Erie St., Racine, Wis. 

Hershey, J. H.. Washington Valley Rd., Morris- 


t I 


Hosker, G. R., c/o Richards-Wilcox Canadian 
Ltd., London, Ont., Canada 

Kilbey. A. R., 20 Dix St., Waltham, Mass. 

Layzell, L. M.. Radio Planning Department, Flight 


Ops., Division, K.L.M. Royal Dutch Air- 
lines, Schiphol Airport, Amsterdam, 
Holland 

Lee, R. E., 1923 W. Baltimore St.. Baltimore 23 
Md. 


Mahmoud, A. A.. Faculty of Engineering, Fouad | 
University, Giza, Cairo. Egypt S 

Mallory. V. L.. Continental Electronics Manufac- 
turing Co., 1728 Wood St,, Dallas, Tex. 

Martens, H, A., 5675 Vreeland Rd., R.F.D. 2, Ann 
Arbor, Mich. 

Michie, J. L., 23 Laburnum Dr., Skelmersdale 
Lancs., England 

Miller, S, S. 1540-52 St., Brooklyn, N. Y. 

Mutter, W, E., Graduate House, Massachusetts 
Institute of Technology, Cambridge 39 
Mass. 

(Continued on page 454) 


Spectrum Analysis 
from AF to UHF 


Faster and Simpler with these 


Panoramie Bnstruments 
roble [b l 


WhetH 
t 


or any ghenonmen requirir TOT CUE 


ysin, ti orai f 
collect information faster, easier and accurately. 


Panoramio — insir 
aperi t ntent 


AP-1 


PANORAMIC SONIC ANALYZER AP-1 
Complete Audio Waveform Analysis in One 
Second 


ndom "1 


J components in only one second 
Frequency Range: 40 ) 
Input Voltage Range: 500 pV-S00V 


r products suppressed by at least 60 db Oirect 
Reading. Simpte Operation. Optimum Resolution. 
onem DERE 


SB-7 


PANORAMIC ULTRASONIC ANALYZER 
Entirely New for Ultrasonic Studies 


ineat 


in dr nes 


Frequency Range: 2K 300 Ki 
Scanning Width: Continu 


Input Voltage Range: 1 im V. 50V 
Amplitude Scale: lincar and two d 


— E eon a. 


SB-8 
PANALYZOR—PANADAPTOR 
For RF Spectrum Analysis 


8 f the RE Spectrum, F'anadap 
tor un c 
whieh tune in the segment to h 


and | 


and ty 
Widths SOKC to 20MC, contin 
variable to zero. Signal Resoluti 

250KC down to 100 CPS Gail APARTENO 
Write for Complete Technical Data 


PANORAMIC Z^, 


Lp RADIO PRODUCTS Inc 


MOUNT VERNON. Ww Y 


LN 
as 


10 SOUTH SECOmO ave 
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»atzman, M. M., c/o Video Corporation of 
America, 229 W. 28 St., New York 1, N. Y. 

tawhouser, R., 65 W. Great Miami Blvd., Dayton 
5, Ohio 

iidenour, P. W., OMR #485, Keesler AFB, Miss. 

saifuddin, Central Radio Propagation Laboratory, 
National Bureau of Standards, Washing- 
ton, D. C 

senecal, T. L., 5 Capitol PI., Dayton 10, Ohio 

jimons, R. F., 368 S. Maple St., W, Hempstead, 
L. L, Ne Y. 

Stavely, E. B., 203 Main Engineering Bldg., The 
Pennsylvania State College, State College, 
Pa. 

Toole, P. C., Union Point, Ga. 


[rinkle, W. S., 2324 Ripley St., Philadelphia 15, 
Pa. 

Veneklasen, P. S., 639 West Foothill Blvd., Mon- 
rovia, Calif. 


Wax. N., Department of Electrical Engineering, 
University of Illinois, Urbana, lll. 

Winer, J. D., 58 Barker Ave., Eatontown, N. J. 

Wright, A., 1123 Maxine Dr., Fort Wayne, Ind. 


The following admissions to Associate 
were approved, to be effective as of July 1, 
1949: 


Anderson, R. S., 11148} Truro Ave., Inglewood, 
Calif. 
Beckett, E. J., 4022 Monroe Ave., E. St. Louis, III 
Bell, V., 1649 Washington Blvd., Chicago 12, Ill. 
Beltz, G. E., 33 Ninth St., McMechen, W. Va. 
Bolsey, E. J., 57 Central Ave., Hartsdale, N. Y 
Borowski, E., 477 Second St., Brooklyn 15, N Y 
Boscoe, 2072 W. Sixth St., Brooklyn 23, N. V 
Cart, R. E., 4870 Sheridan Rd., Chicago 40 ni 
Chapman, C. I., AFRS-WVTQ & WVTC, APO 25, 
c/o Postmaster, San Francisco, Calif 
Clause, E. M., 4411 S. E. Windsor Ct., Portland 6, 
Ore. 
Cowgill, L. R., 5050 N. Broadway, Chicago 40, Iu 
Daniels, G. N., 8915 Columbia Ave., Cleveland 8, 
Ohio 
Davis, L., 216-15 133 Ave., Laurelton, L. I 
Dean, F. R., 268 Brookline Ave., Boston 15, Mass 
DeHart, W. D., 205} Market St., Spencer, W. Va 
Dymek, B., 81 Endicott St.. Worcester 4, Mass 
Eckert, G. F., 120 W. Schiller St., Chicago 10, Ill 
Faraday, B Sound Division, Naval Research 
Laboratory, Washington 25, D. C. 
Feld, M. M., 209 Ave. P., Brooklyn 4, N. Y. 
Filley, F. R., 73 Grand Ave., Akron 2, Ohio 
Fink, J. H., 230 W. Fifth St., Emporium, Pa 
Fletcher, C. H., 203 S. Church, Monroe, N. C 
Gillin, J. M., R.D. 1, Phoenix, N. Y 
Hardie, F., Hayestown Rd., Danbury, Conn 
Hoffman, P. L., Jr., 1225} Cota Ave., Torrance, 
i Calif 
ali 
Horvath, A. E., 4361 N. Teutonia Ave., Milwaukee 
9, Wis 
Howe, J. W., Box 171, Olney, Md 
Kasmir, B., 2013 Bryant Ave., New York 60, N.Y 
Keller, R. C., 4602 McKinney, Houston 3, Tex 
Kline H., 1710-15 St., San Francisco, Calif 
Krute, E. H., 2349 Glenwood Dr., Port Arthur Tex. 
Kwiatek, W. K., 129 N. Blakely St., Dunmore, Pa 
Lotzow, M. F., 1766 Clarkstone Rd., Cleveland 12, 
Ohio 
Maack, H, E., 3849 S. Albany Ave., Chicago 32, 
ni 
McCasland, R. S., 4857 Schubert Ave., Chicago 39, 
n 
McGee, H. A., 3120 Hedgerow Dr., Dallas, Tex. 
cXMoncll, L. E., 3433 W. 59 PL, Los Angeles 43, Calif 
Morrisset, J. B., Box 631, Lubbock, Tex 
Murphy, R. L., 925 Belden Ave., Chicago 14. Ili 
Musicaro, J. S., 1834-71 St., Brooklyn 14, N, Y 
Newhouse, P, D., 2955 N. Lowell Ave., Chicago. 
In 
(Continued on page 47A) 
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A new transmission line based 


upon a new plastic -TEFLON 


CP TEF-LINE transmission line, utilizing DuPont 
Teflon insulators, greatly reduces high frequency 
power losses. Furthermore, operation of transmis- 
sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 
For TV, FM and other services utilizing increas- 
ingly high frequencies, TEF-LINE by CP is a 
timely and valuable development worthy of in- 


vestigation by every user of transmission line. 


CP SUPER TEF-LINE IS AVAILABLE NOW! 


Tef-Line can be delivered immediately in three standard 
sizes— 7%", 1%” and 314 . With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, “O” rings, inner conductor 
connectors and miscellaneous accessories. 

Check your transmission line requirements with the new 
CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 


e TOWER HARDWARE ° AUTO-DRYAIRE DEHYDRATORS 
e LO-LOSS SWITCHES © COAXIAL DIPOLE ANTENNAS 
e SEAL-O-FLANGE TRANSMISSION LINE 


w 


op NEW JERSEY 


Fa 
KEYPORT (57°) 


Company Pre. 
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HIGH CAPACITY 
TO SPACE RATIO 


With Johnson 
Pressurized Capacitors 


JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions. 


Available as “standard” are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in- 
dividual specifications. 


FEATURES 


@ Low Loss 
@ High KVA Rating 


@Shielded From External Electro- 
static Fields 


@Low Internal Distributed induc- 
tance 


@ Complete Dependability 


Write For Illustrated 
JOHNSON Catalog and 
Prices 


E. F. JOHNSON CO. WASECA, MINN 
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Spandau, E. P., 801 Broad Blvd., Dayton 9, Ohio 
Victoreen, J. A., 3800 Perkins Ave., Cleveland 14 
Ohio 


Transfer to Member 


Bedwell, T. H., Physics Department, Florida State 

University, Tallahassee, Fla 

B. J., 3110-42 PL, Sandia Base Branch 

Albuquerque, N. Mex 

Bodle, D. W., Bell Telephone Laboratories, 463 
West St., New York 14, N, V 

Brannen, P. M., 24} N. Fifth St, Duquesne, Pa 

Florman, L. W., 413 N, Rush St., Itasca, Ill. 

Gross, J., Box 973, Nairobi, Kenya Colony, British 
East Africa 

Hancock, N, W., 600-13 St., N. W., Cedar Rapids, 
lowa 


Bittner, 


vood Dr., North- 


Hoffman Y, Jt: 

brook, Ill 

Jorgenson, T. O.. WEAU Transmitter, R. R. 1, Hy 
Q. Eau Claire, Wis, 

Osbahr, B. F., 206 Eighth Ave., Brooklyn 15, N. Y 

Pfefer, B. L., 428 Woodbine Ave., Syracuse 6, N. Y 

Ratts, B. H., 2506 Terrace Rd., Fort Wayne 3, Ind 

Schull, G. R., 12131 Mayfield Ave., Los Angeles 24, 
Calif 

Waller, M. J., R.F.D. 1, Foxboro, Ont,, Canada 

Winkler, E. H., 71 White St., Shrewsbury, Red 
Bank, N. J. 

Young. C. W., 4745 Nogal St., San Diego 2, Calif. 

Zupnick, I. N., 768 Linden Blvd,, Brooklyn 3, N, Y 


Admission to Member 


Allan, D. K., 925 Louisiana Ave., Baton we. I 

Anderson, C. W., 920 Pine St., St. Louis 1, Mo. 

Baker, E. E. Jr, Box 379, APO 182, c/o Post 
master, San Fr: 

Belprez, G. R.. 1322 Chalmers 
Micl 

Bettis, E. S., Box 105, Oak Ridge, Tenn 

Bindner, J. T.. 1586 Hedding Ct., San Jose 11, Calif 

Chess, R. B., 1830 South 54 Ave., Chicago 50, IN 

Collier, J. W.. 1903 Ridge PI.. Wa t 


ncisco, Calif 


Ave. Detroit 15 


racuse, N 

Dahl, A. H., 114 Disston Rd., Oak Ridge, Tenn 

Danielsen, A. C., 1429 South 51, Milwaukee 14 
Wis 

Das, P. N., 1 Bhaduri Lane, P.O, Serampore, Dist 
Hooghly. Bengal, India 

Diehl, C. E., Box 1535, Salt Lake City 11, Utah 

Frenkel, L. J., Jr., 216 South Yale, Albuquerque, N. 
Mex 

Hassel, E. W., 2911 Erie St., Racine, Wis. 

Hershey, J. H.. Washington Valley Rd., Morris- 

town, N.J 

G. R., c/o Richards-Wilcox Canadian 

Ltd.. London, Ont., Canada 

Kilbey, A. R., 20 Dix St., Waltham, Mass. 

Layzell, L. M., Radio Planning Department, Fligh: 
Ops.. Division, K.L.M. Royal Dutch Air- 
lines, Schiphol Airport, Amsterdam 
Holland 

Lee, R. E.. 1923 W. Baltimore St., Baltimore 23 
Md 

Mahmoud, A. A., Faculty of Engineering, Fouad I 
University, Giza, Cairo, Egypt» Z 

Mallory. V. L.. Continental Electronics Manufac- 
turing Co., 1728 Wood St., Dallas, Tex 

Martens, H. A.. 5675 Vreeland Rd., R.F.D. 2, Ann 
Arbor, Mich. 

Michie, J. L., 23 Laburnum Dr., Skelmersdale 
Lancs., England 

Miller, S. S. 1540-52 St., Brooklyn, N. Y. 

Mutter, W. E., Graduate louse, Massachusctts 
Institute of Technology, Cambridge 39, 
Mass. 


(Continued on page 454) 
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Spectrum Analysis 
from AF to UHF 


Faster and Simpler with these 


Panoramie instruments 
Wh 


any phenome 


information faster, oaslor and accurately, 
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AP-1 


PANORAMIC SONIC ANALYZER AP-1 
Complete Audio Waveform Analysis in One 
Second 

lom 
wave components in o De Be (d 


Frequency Range: 40 
Input Voltage Range: 500 AV 500Y 
Voltage Scale: linear and two decade log 


n ve products suppressed by at | 0 db. 
Reading. Simple Operation. Optimum Resolution. 


Tum cae m, —— 


eA — — i 
| 


i 
ETTELIL 
SB.7 


PANORAMIC ULTRASONIC ANALYZER 
Entirely New for Ultrasonic Studies 


in ing able new t readir nstrument, the 
NB 7 en t h asonio 
spe I 
an 
Frequency Range: 2KC 300 KC, lin 
Scanning Width: Continu 
Input Voltage Range: 1 mY sov. 
Amplitude Scale near and two decade log 

——— =e. 

* * 


SB.8 
PANALYZOR—PANADAPTOR 
For RF Spectrum Analysis 
Lp ^ n 


Rments of e RE Spectrum 


which tune In t 


Both are avail 
and types dir 
Widths ran; from 50KC to 20MC, conti ly 
variable to zero, Signal Resolution Capabilitles from 
250KC down to 100 CPS 

Write for Compiete Technical Oata 


NORAMIC Z C, 


S DL PRODUCTS Inc 


“Ount 
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Platzman, M. M., c/o Video Corporation of 
America, 229 W. 28 St., New York 1, N. Y. 

Rawhouser, R., 65 W. Great Miami Blvd., Dayton 
5, Ohio 

Ridenour, P. W., OMR /485, Keesler AFB, Miss. 

Saifuddin, Central Radio Propagation Laboratory, 
National Bureau of Standards, Washing- 
ton, D. C. 

Senecal, T. L., 5 Capitol PI., Dayton 10, Ohio 

Simons, R. F., 368 S. Maple St., W. Hempstead, 
L.L, N. Y 

Stavely, E. B., 203 Main Engineering Bldg., The 
Pennsylvania State College, State College, 
Pa 

Toole, P. C., Union Point, Ga. 

Trinkle, W. S., 2324 Ripley St., Philadelphia 15, 
Pa 


Veneklasen, P. S., 639 West Foothill Blvd., Mon- i 


rovia, Calif. 
Wax, N., Department of Electrical Engineering. 
University of Illinois, Urbana, Ill, 
Winer, J. D., 58 Barker Ave., Eatontown, N. J. 
Wright, A., 1123 Maxine Dr., Fort Wayne, Ind. 


The following admissions to Associate 
were approved, to be effective as of July 1, 
1949: 


Anderson, R. S., 111484 Truro Ave., Inglewood, 
Calif 

Beckett, E. J., 4022 Monroe Ave., E. St. Louis. Ill 

Bell, V., 1649 Washington Bivd., Chicago 12, Ill. 

Beltz, G. E., 33 Ninth Stz, McMechen, W. Va. 
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Cowgill, L. R., 5050 N. Broadway, Chicago 40, IIl 

Daniels, G. N., 8915 Columbia Ave., Cleveland 8, 
Ohio 

Davis, L., 216-15 133 Ave., Laurelton, L. L, N. V 

Dean, F. R., 268 Brookline Ave., Boston 15, Mass 

DeHart, W. D., 205) Market St., Spencer, W. Va 

Dymek, B., 81 Endicott St., Worcester 4, Mass 
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wijy CP TEF-LINE 


SUPER TRANSMISSION LNE 


A new transmission line based 
upon a new plastic —TEFLON 


CP TEF-LINE transmission line, utilizing DuPont 
Teflon insulators, greatly reduces high frequency 
power losses. Furthermore, operation of transmis- 
sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 
For TV, FM and other services utilizing increas- 
ingly high frequencies, TEF-LINE by CP is a 
timely and valuable development worthy of in- 
vestigation by every user of transmission line. 


CP SUPER TEF-LINE IS AVAILABLE NOW! 


Tef-Line can be delivered immediately in three standard 
sizes— 7s", 15" and 31%". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, “O” rings, inner conductor 
connectors and miscellaneous accessories. 

Check your transmission line requirements with the new 
CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 


e TOWER HARDWARE œ AUTO-DRYAIRE DEHYDRATORS 
e LO-LOSS SWITCHES œ COAXIAL DIPOLE ANTENNAS 
e SEAL-O-FLANGE TRANSMISSION LINE 


KEYPORT yp) NEW JERSEY 
AP 


PROCEEDINGS OF THE LR.E. August, 1949 


45^ 


HIGH CAPACITY 
TO SPACE RATIO 
With Gohuson 
Pressurized Capacitors 


JOHNSON Pressurized Capacitors 
are so carefully engineered that they 
provide the desired capacity and 
voltage rating with minimum pressure 
and condenser height. Because of their 
efficient electrical and mechanical 
design, they also provide the utmost 
in stable operating conditions, 


Available as "standard" are variable, 
fixed and fixed-variable units — in a 
wide variety of capacitance and current 
rating. In addition, JOHNSON can 
build any pressure condenser to in- 
dividual specifications, 


FEATURES 


e Low Loss 
e High KVA Rating 


eShielded From External Electro- 
static Fields 

e Low Internal Distributed induc- 
tance 


@ Complete Dependability 


Write For Illustrated 
JOHNSON Catalog and 
Prices 


JOHNSON 


a famous name in Radio! 


E. F. JOHNSON CO. WASECA, MINN. 
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Bedwell, T. H., Physica Departinent, Florida State 
University, Tallahassee, Fla 

Bittner, B. J., 3110-42 PI., Sandia Base Branch 
Albuquerque, N. Mex. 

Bodle, D. W., Bell Telephone Laboratories, 463 
West St., New York 14, N. V 

Brannen, P. M., 244 N. Fifth St., Duquesne, Pa 

Florman, L. W., 413 N. Rush St., ltasca, II. 

Gross, J., Box 973, Nairobi, Kenya Colony, British 
East Africa 

Hancock, N. W., 600-13 St., N. W., Cedar Rapids, 
lowa 

Hoffman, R. Y., Jr 
brook, Ill 

Jorgenson, T. O., WEAU Transmitter. R. R. 1, Hy 
Q. Eau Claire, Wis. 

Osbahr, B. F., 206 Eighth Ave., Brooklyn 15, N. Y. 

Pfefer, B. L., 428 Woodbine Ave.. Syracuse 6, N. Y 

Ratts, B. H., 2506 Terrace Rd.. Fort Wayne 3, Ind 

Schull, G. R., 12131 Mayfield Ave., Los Angeles 24, 
Calif 

Waller, M. J., R.F.D. 1, Foxboro, Ont., Canada 

Winkler, E. H., 71 White St., Shrewsbury, Red 
Bank, N. J. 

Young, C. W., 4745 Nogal St., San Diego 2, Calif. 

Zupnick, I. N., 768 Linden Blvd., Brooklyn 3, N, Y. 


1234 Ridgewood Dr., North- 


Admission to Member 


Allan, D. K., 925 Louisiana Ave.. Baton Rouge, La. 


Anderson. C. W.. 920 Pine St.. St. Louis 1, Mo. 


Baker, E. E., Jr., Box 379, APO 182, c/o Post 


master, $ 
Belprez, G. R.. 1 
Mich 
Bettis, E. S.. Box 105, Oak Ridge, Tenn 
Bindner, J. T., 1586 Hedding Ct., San Jose 11, Calif. 
R Chicago 50, Il 


o, Calif 


. 17. Maxwill Ct, M. 
S NGA NS, 
Dahl, A. H., 114 Diseton Rd., Oak Ridge, Tenn 
Danielsen, A. C., 1429 South 51, Milwaukee 14 
WwW 
Das, P. N.. 1 Bhaduri Lane, P.O., Serampore, Dist 
Hooghly. Bengal 
Diehl. C. E., Box 1535, Salt Lake City 11, Utah 
Frenkel, L. J., Jr.. 216 South Vale, Albuquerque, N 


India 
. India 


291 > St., Racine, Wis, 

Hershey, J. H., Washington Valley Rd., Morris- 
town, N.J 

Hosker, G. R. c/o Richards-Wilcox Canadian 
Ltd.. London, Ont., Canada 

Kilbey. A. R., 20 Dix St., Waltham, Mass. 

Layzell. L. M.. Radio Planning Department, Fligh: 
Ops., Division, K.L.M. Royal Dutch Air- 


lines, Schiphol Airport, Amsterdam 
Holland 

Lee, R. E., 1923 W. Baltimore St.. Baltimore 23 
Md. 


Mahmoud, A. A.. Faculty of Engineering. Fouad | 
University, Giza, Cairo, Egypt ; Š 

Mallory, V. L., Continental Electronics Manufac- 
turing Co., 1728 Wood St., Dallas, Tex 

Martens, H. A., 5675 Vreeland Rd., R.F.D, 2, Ann 
Arbor, Mich. 

Michie, J. L., 23 Laburnum Dr., Skelmersdale 
Lancs., England 

Miller, S. S. 1540-52 St., Brooklyn, N. Y. 

Mutter, W. E., Graduate House, Massachusetts 
Institute of Technology, Cambridge 39 
Mass. 


)9ntinued 


Spectrum Analysis 
from AF to UHF 


Faster und Simpler with these 


Panornmiec Bnstromentis 
Wheth i [ 


el 
any pl n 


collect information faster, easier and aocur ately, 
anora mi ti 


AP-1 


PANORAMIC SONIC ANALYZER AP-1 
Complete Audio Waveform Analysis in One 
Second 


Frequency Range: 40 

input Voltage Range: 500 ,V-500V 

Voltage Scale: lineur and 
à rdi Ts 


[i jc products suppress 
Reading. Simple Operation, 
UT 


l 
F oe 
| 


|: 


SB-7 
PANORAMIC ULTRASONIC ANALYZER 
Entirely New for Ultrasonic Studies 


An invaluable new ect reading inatrument, the 
SK r t ? itraeont 


Frequency Range: 2KC 300 KU, lj 
Scanning Width: « nu 


Input Voltage Range: 1 inV Su 
Amplitude Scale 


* 
| aa 
; EIL 


o-* 


Qa 999. 
— 


SB-8 
PANALYZOR—PANADAPTOR 
For RF Spectrum Analysis 
ds servin E ^ INI : 
tor un 
which tune H 


purpose anc 
dete 

Roth ài 1 
and Iypes ditfering 
Widths ging f 


Maximum 
lable to zero, Signal Resolution Capabilities from 
250KC down to 100 CPS 

Write for Complete Technical Oata 


PANORAMIC A 


UN y gj RROIO PRODUCTS lec 


"OuNnt 
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A new transmission line based 


upon a new plastic -TEFLON 


CP TEF-LINE transmission line, utilizing DuPont 
Teflon insulators, greatly reduces high frequency 
power losses. Furthermore, operation of transmis- 
sion line at frequencies heretofore impossible owing 
to excessive power loss now becomes easily possible. 
For TV, FM and other services utilizing increas- 
ingly high frequencies, TEF-LINE by CP is a 
timely and valuable development worthy of in- 
vestigation by every user of transmission line. 


CP SUPER TEF-LINE IS AVAILABLE NOW! 


Tef-Line can be delivered immediately in three standard 
sizes— 7s", 158" and 31%". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super "Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "O" rings, inner conductor 
connectors and miscellaneous accessories. 

Check your transmission line requirements with the new 
CP TEF.LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 


e TOWER HARDWARE  * AUTO-DRYAIRE DEHYDRATORS 
e LO-LOSS SWITCHES © COAXIAL DIPOLE ANTENNAS 
e SEAL-O-FLANGE TRANSMISSION LINE 
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MICRO WAVE 


1.25 CENTIMETER 


"K" BAND DIRECTIONAL COUPLER CUI04/ 
APS.34 20 DB |... ...............$49.50 ea, 
"K" BAND FEEDBACK TO PARABOLA HORN, 
with pressurized window acres 9 30; 
MITRED ELBOW cover to cover ... ZA 
TR/ATR SECTION choke to cover ....... . $4. 
FLEXIBLE SECTION 1" choke to choke ,...$5.00 


ADAPTER, rd. cover to sq. cover .... $5.00 
MITRED ELBOW and S sections choke to m 
WAVE GUIDE V x 4 per ft... sous $1.00 
K BAND CIRCULAR FLANGES .......... 50¢ 


10 CENTIMETER 


WAVEGUIDE TO 74" RIGID COAX "DOOR. 
KNOB" ADAPTER. CHOKE FLANGE. 
SILVER PLATED. BROAD BAND 


10 cm. waveguide to Ye" rigid coax doorknob 
transition, 21" high with B” slotted section 


2.50 ea. 

10 cm. flexible section 4 feet long $42.50 ea. 
10 CM. FLANGES, UG6S/U ...... ....... $8.50 
UG45/U 10 CM. FLANGE ...... ......... $8.50 
ADAPTER lI! x 3 TO I" x 2", SQ. 10 CM 
FLANGE TÔ SQ 5 CM CHOKE ........ $57.50 


KLYSTRON MOUNT W/TUNABLE MATCHING 
OUTPUT TO TYPE "N" CONNECTOR 
SOCKET & TUBE CLAMP INCLUDED ..$12.50 

"$" BAND CRYSTAL MOUNT, gold plated, with 
2 type "N" connectors ... ra eee y 50 

PICKUP LOOP, Type “N? Output ........ $2.75 

TR BOX Pick-up Loop ...... Uc eo 

POWER SPLITTER: 726 Klystron input, Ns 


COMPILE? o. ete mor rte NU tS $150.00 
10 CM ENO-FIRE ARRAY POLYRODS . $1.75 ea. 
US“! BAND Mixer Assembly, with crystal mount, 

pick-up loop, tunable output ......... $3.00 
721-A TR CAVITY WITH TUBE. Complete with 

tuning plungers . Su ...$12.50 
10 CM McNALLY CAVITY Type SG ......$3.50 
WAVEGUIDE SECTION, MC 445A, rt. angle 
bend. 5!" ft. OA, 8" slotted section ..$21.00 
10 CM OSC. PICKUP LOOP, with male Home- 
dell output nies OR $2.00 
10 CM DIPOLE WITH REFLECTOR in lucite 
bal!, with type "N' or Sperry fitting ..$4.50 
10 CM FEEDBACK DIPOLE ANTENNA. in luc- 
ite ball, for use with parabola Ys" Rigid coar 

Inputo sr eo nesters AM H 
PHASE SHIFTER. 10 CM WAVEGUIDE. W 

TYPE ES.683816. E PLANE TO H PLANE 

MATCHING SLUGS f ... $95.00 
721A TR cavities. Heavy silver plated . $2.00 ea. 
10 cm. horn and rotating joint assembly, gold 

plated em .$65.00 ea. 
10 cm. right angle bend "E" or "H'' plane, less 


flanges .. Apr Mon $17.50 ea. 
74" RIGID COAX—IA" I.C. 
74" RIGID COAX Bead Supported .. $1.20 
SHORT RIGHT ANGLE BEND <e a -$2.50 
Rotating joint, with deck mounting .. 
RIGID COAX, slotted section CU-60/AP .$5. 
"S" BAND "Y" JUNCTION, SQ. FANGES 


iy" RIGID COAX—%" IC. 
yy" RIGID COAX ROTARY JOINT. PRESSUR- 
IZED. SPERRY #810613. GOLD PD 
Dipole assembly. Part of SCR 584 ....$25.00 ca. 
Rotary joint. Part of SCR.5B4 ........$35.00 ea. 
RIGHT ANGLE BEND, with flexible coax output 
Picksüpiloopib eoi ee eU ne $8.00 
SHORT RIGHT 


vee $3.50 


5' lengths. Per length ............. 
RT. ANGLES for above .................. $2.50 
RT, ANGLE BEND I5"L.OA.............. $3.50 
FLEXIBLE SECTION. 15" L. Male to emae 


MAGNETRON COUPLING to %” rigid ou 


with TR pickup loop, gold plated ...... $7. 
FLEX COAX SECT. Approx. 30 ft. . $16.50 
MISCELLANEOUS 


T “N' patching cord UGII/U female to 
YUGS/U using RGS/U cable 12" long . $2.28 ex. 


PLUMBING & 


AN/TPS-18 flanged nipple and insert assembly 


for rotary coupling $3.75 eo. 
Pulse connector Navy type 49579 $1.50 ea. 
Transmission line pressure gauge. 2" i5 Ibs 
$1.85 ea. 


Pulse cable assembly Western Electric type 
0163262. 10 feet long ................ -50 ca. 
Holmdell Jack Western Electric $$8O-12962-1 
D.B. 2£J-102X .... ess so $3.75 €a. 
Adaptor type "N'* RG8/U to RGI7/U or 18/U 
cables SES SE eC Een MR . $4.50 ea. 
ADAPTER TYPE "N'" TO RG-I7/U CONNEC- 
TOR. sc irre reer LiT 
F-29/SPR-2 HIGH PASS FILTER P/O AN/APR- 
SAX. TYPE "N" CONNECTORS ......$12.50 
Magnetron coupling to % rigid coax . 


Hand pumps for pressurizing transmission line 
with humidity indicator ..... .. $12.50 ea, 


MARINE RADAR 


SO-I AND SO-B RADAR SETS, Complete, in 
Used but Excellent Condition, 10 CM Surface 
Search using 2326 or 2)27 Magnetron, 707B Mixer. 
PPI Indicator. Input IISYDC. Used on Mer- 
Chant Ships throughout the world, FCC Ap- 
proved. Guaranteed. $1260.00. 


TEST EQUIPMENT 


TS-268/U crystal test set for 
checking IN2I, IN2IA, 
IN21B, 1N23,  IN23A, 
1N23B crystals. New $35.00 


TS-H7GP 10 CM WAVE- 
METFR TEST SET. Mfg. 
"'Sperry''. 2400-3400 Me. 
Micrometer Adj. Co- 
axial Cavity. Freq. Meas 
by absorption or trans. 
mission method. Mounts 

a Crystal. Current Meter & 


en ase pr C cen nae $145.00 
VSWR AMPLIFIER TS-I2/AP. Unit | 3 stages 
of Amplif. and Diode Rectifier w/direct 
VSWR. reading on meter. 115 volts 60 cyc. AC 
operation w/Inst. BK and CCT diag. New 
$235.00 
SLOTTED LINE PROBE and Matched Termina- 
tion incld'g Accessories TS-12/AP Unit 2 incl. 
UGBI/U, CG92/U, CG9I/U, CG89/U, UG79/U, 
CG87/U, MXI58/U, CG-88/U, CG/90U, UG/80U 
plus Tools. New ...................... $135.00 


2890 MC to 3170 MCS, direct reading micro- 
meter head. Ring prediction scale plus 9% to 
minus 9%. Type "N'' input. Resonance indi- 
cator meter. New and Comp. w/access, Box 
and 10 CM Directional Coupler .. $350.00 


3 CM RECEIVER. SO.3. Complete with W.G. - 


Mixer Assy (723 A/B) Reg. Fil. Power Supply, 
b Stages IF (6AC7) 0. 0... ..$99.50 
10 cm. horn assembly consisting of two 5" dishes 
with dipoles feeding single type "N'' output. 
Includes UG28/U type "N" "T" junction and 
type "N' pickup probe. Mfg. Bernard Rice 
RGH/U cable. New ........... ..$15.50 ea. 
10 cm. cavity type wavemeters & deep ba” 
in diameter. Coax, output. Silver plated 
$64.50 ea. 
10 cm. echo box. Part of SF-I Radar with 115 
volt DC tuning motor Sub Sig (118A $47.50 ea, 
TS33AP  WAVEMETER. MICROMETER ADJ. 
TYPE N^ FITTINGS core 


X-Band guide. Freq. range approx, 7900 to 
UO Me rob eL: ende $75.00 
10 cm. Echo box with resonance in- 
dicator and micromcter adjust cavity, 2700 to 
2900 Mcs calibrated as shown . . $85.00 
Bell Labs. Dual Mount mixer-beacon assemblies. 
2 complete mixer-beacon mounts on gold 
plated waveguide section .......* $50.00 
"X" band klystron mount, shielded with rough 
attenuator output .. ......... ; $65.00 
TS-108A/P DUMMY LOAD .. . $65.00 
3 CM. HORN AT-48/UP Model 710. Type "N" 
input, Hvy. Silver Plated .... 2... $6.50 


131 "1 8" Liberty St., New York, N.Y. 
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COMMUNICATIONS EQUIPMENT Co. 


ACCESSORIES 


MICROWAVE ANTENNAS 

$0.3 RADAR 3 CM. SURFACE 
SEARCH ANTENNA. Complete 
with 24 VDC Drive Motor Selsyn 
Gear Mechanisms, "X". Band 


Z Slotted "Peel" Reflector Less 
t ls 9 Plumbing $135.00 
MA As Shown 


APS-I5 Antennas. New $99.50 
ty AN MPG.I Antenna. Rotary feed 
type high speed scanner antenna 
assemblv, including horn para 
bolic reflector. Less internal mechanisms 10 
deg. sector scan. Approx, I2'L x SW x 3H 
Unused. (Gov't Cost—$4500 00) $250 00 
APS-4 3 cm. antenna. Complete. 14 dish Cut 
ler feed dipole directional coupler, all stand 
ard I" x /;' waveguide Drive motor and gea, 
mechanisms for horizcntal and vertical scan 
New, complete $65.00 
AN/TPS3, Parabolic dish type reflector approx 
10° diam. Extremely lightweight construction 
New in 3 carrying cases $89.50 
RELAY SYSTEM PARABOLIC REFLECTORS: 
approx. range: 2000 to 6000 mc. Dimensions 
4 x 3' rectangle, now 5 $35.00 
TDY “JAM" RADAR ROTATING ANTENNA. 10 
em, 30 deg. beam. 115 v.a.c. drive. New 
$100.00 
SO-13 ANTENNA, 24” dish with feedback dipole 
360 aes totation, complete with drive motor 
and selsyn, New 
Used ... ; $45.00 
DBM ANTENNA. Dual, back-to-back parabolas 
with dipoles. Freq. Coverage 1|,000-4 500 mc 
No drive mechanism $65.00 
AS125/APR Cone type teceiving antenna, 1080 to 
3208 megacycles. New $4.50 
140-600 MC. CONE type antenna, complete with 
25' sectional steel mast, guys, cables, carrying 
case, etc. New at $49.50 
ASD 3 cm. antenna, used, ex. cond, .$49.50 
YAGI ANTENNA AS-45A. APG-4, 5 elements 


$14.50 ea. 
R. F. EQUIPMENT 

LHTR. LIGHTHOUSE ASSEMBLY. Part of RT 
39/APG-5 & APG-I5. Receiver and Transmitter 
Lighthouse Cavities with assoc. Tr Cavity ard 
Type N CPLG. To Revr. Uses 2C40, 2C43, 1827 
Tuneable APX 2400-2700 MCS. Silver plated 
SOOO ENS Donor t PE DO AIAS $49.50 
Receiver transmitter, RC39A/APG.5 10 cm. gun 
laying RF package using 2C40 and 2C43, new 


$150.00 ea. 
APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (715B) Pulser, 714 Magnetron 417A 
Mixer all 74" rigid coax, incl. reve. front end 
: x EN nae $210.09 
Beacon lighthouse cavity 10 cm with miniature 
28 volt DC FM motor. Mfg. Bernard Rice 
1 . $47.50 ea. 
T-128/APN-I? 10 cm. radar Beacon transmitter 
package, used, less tubes ... $59.50 ea. 
$O-3 "X" banc 3 cm RF package, new com 
plete, including receiver unit as illustrated on 
Page 337, Volume 23 RAD LAB Series 


con), 1B24, TR, rcvr-ampl. duplexer, HV sup- 
ply, blower, pulse xtmr. Peak-Pwr Out: 45 
KW apx. Input: 115, 400 cy. Modulator pulse 
duration .S to 2 micro-sec, apx. 13 KV Pk 
Pulse. Compl. with all tubes incl. 715.B, 8298 
RKR 73, two 72's. Compl. pkg., new ..$210.00 
APS-15B. Complete pkg. as above, less modu- 
lator usu o e ... -$150.00 
"S"BAND AN/APS.2, Complete RF head and 
modulator, including magnetron and magnet, 
417-A mixer, TR, receiver, duplexer, blower 


WRITE FOR 
LATEST FLYER! 


Cable “Comsupo" Ph, Digby 9-4124 
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3 CM RECEIVER 
SO.3. Complete With 
W.G. Mixer Assy (723 
-= A/B) Reg. Fil. Power 


qe 


=F | Supply, b Stages IF 


ve 7 


x — 


3 CENTIMETER 
(STD. 1” x V?” GUIDE, UNLESS OTHERWISE 
SPECIFIED) 
3 cm. 180? bend with pressurizing nipple .... 
.$4 


; r Ee deve .00 ea. 
3 cm. 90° bend. 14” long 90° twist with pres- 
sien 


surizing nipple .00 ea. 
3 cm. "S" curve 18" long $5.50 ea. 
3 cm. "S" curve 6” long . .... $3.50 ea 
3 cm. right angle bends. "E" plane 18" long 
Cover to cover... ys -$6.50 ea. 
3 cm. Cutler feed dipole. I1” from parabola 
mount to feed back ...... . $8.50 ea. 
3 cm. directional coupler. One way waveguide 
output .$15.00 ea. 


ATR section for mounting 1B24 with 721A ATR 
cavity. Iris coupling flange. Choke to choke 
Shine d Roto onenz. 9 42:50 NCOs 

APS-3| mixer section for mounting two 2K25's 
Beacon reference cavity 1824 TR tube. New 
and complete with attenuating slugs $42.50 ea. 

DUPLEXER SECTION for 1824 s seen oo 10.00. 

CIRCULAR CHOKE FLANGES, solid brass 55 

SQ. FLANGES, FLAT BRASS ...........¢a. 55 

APS-10 TR/ATR DUPLEXER section with addi- 
tional iris flange ..... seen ee $10.00 

FLEX. WAVEGUIDE eater . .$4.00/ Ft. 

TRANSITION I x z to Ha x %, 14 in. L ..$8.00 

'€" BAND PREAMPLIFIER, consisting of 2-723 
A/B local oscillator-beacon feeding wave- 
guide and TR/ATR Duplexer sect, inc. 60 mc 
iF amp $42.50 


long . 
"xX" BAND PRESSURIZING gauge section w/I5- 
ibs. gauge & Pressunzing Nipple $18.50 
45 DEG. TWIST 6” Long Ls... $00.00 
ROTARY JOINT with slotted section and type 
N" output pickup ... 3 .$17.50 
WAVEGUIDE SECTION, 12” long choke to cover 
45 deg. twist & 21" radius, 90 deg. bend $4.50 
SLUG TUNER/ATTENUATOR, W.E. guide, old 
plated .. ee £650 
TWIST 90 deg. 5” choke to Cover w/press nip- 
ple .. Colette E . $6.50 
WAVEGUIDE SECTIONS 2/5 ft. long silver 
plated with. choke flange ...$5.75 
ROTARY JOINT choke to choke . .$17.50 
ROTARY JOINT choke to choke with deck 
mounting .. $17.50 
3 cm. mitred elbow "E" plane unplated.. 
" $6.50 ea. 


5CM. 
2" x V* RT. ANGLE BEND CHOKE TO COVER. 
SILVER PLATER .. y $38.50 
WAVEGUIDE MIXER CV-I2A/APR.-6 ....$55.00 


RAPID W. G. FASTENING CLAMPS . $5.00 
MAGNETRONS 
Tube Fra. Range Pk. Pwr. Out Price 
2331 2820-2860 mc. 265 KW. $25.00 
2J21-A 9345-9405 mc. 50 KW. $25.00 
2)22 3267-3333 mc. 265 KW. $25.00 
2326 2992-3019 mc. 275 KW. $25.00 
2327 2965-2992 mc. 275 KW. $25.00 
2)32 2780-2820 mc. 285 KW. $25.00 
2)37 $45.00 
2)38 Pkg. 3249-3263 mc. 5 KW. $35.00 
2)39 Pkg. 3267-3333 mc. 87 KW. $35.00 
2340 9305-9325 mc. 10 KW. $65.00 
2349 9000-9160 mc. 58 KW. $85.00 
2534 $55.00 
236) 30C0-3100 mc. 35 KW. $65.00 
2362 2914-3010 mc. 35 KW. $65.00 
3n 24,000 mc. 50 KW $55.00 
530 $39.50 
714AY $25 00 
748DY $25.00 
7208Y 2800mc. 1000 KW. $50 00 
720CY $50 00 
725-A 9345-9405 mc. 50 KW. $25.00 
730-A 9345-9405 mc. 50 KW. $25.00 
728 Ay, BY, CY, OY, EY, FY, GY $50 00 
700 A, 8, C, D $50 00 
706 AY, BY, OY, EY, FY, GY $50.00 
Klystrons. 723A/8 $12.50; 7078 $20.00 
W /Cavity 
417A $25.00 2K41 $65.00 
en Ha a 
COMMUNICATIONS 


EQUIPMENT CO. 


131 “I 8" Liberty St., New York, N.Y. 
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MAGNETRON MAGNETS 


Gauss Pole Diam. Spacing Price 
4850 % in. Sh in. $12.50 
5209 21/32 in. H in. $17.50 
1300 1% in. 1 5/16 in. $12.50 
1860 155 in. Wo in. $14.50 


Electromagnets for magnetrons . . -$24.50 ea. 


TUNABLE PKGD. '"CW'' MAGNETRONS 


QK 61 2975-3200 mc QK 62 3150-3375 mc. 
QK 60 2800-3025 mc QK 59 2675-2900 mc. 


New, Guaranteed ..... Each $65.00 
PULSE EQUIPMENT 
PULSE TRANSFORMERS 
G.E.K.-2745 . $39.50 


G.E.K.-2744-A, 11.5 KV High Voltage, 3.2 KV 
Low Voltage @ 200 KW oper. (270 KW max.) 
| microsec. or !/s microsec. @ 600 PPS $39.50 

W.E. 2D166173 Hi-Volt input transformer, W.E. 
Impedance ratio 50 ohms to 900 ohms. Freq. 
range: 10 kc to 2 mc. 2 sections parallel con- 
nected, potted in oil brucia cites: 00 

W.E. KS 9800 Input transformer. Winding ratio 
between terminals 3-5 and 1-2 is l.I:l, and 
between terminals 6-7 and 1-2 is 2:1. Fre- 


2.5 Amp. .. 
W.E. 2D169271 Hi Volt input pulse Trans- 
former m $27.50 
G.E. K2450A. Will receive 13KV. 4 micro-second 
pulse on pri., secondary delivers I4KV. Peak 
power out 100KW G.E. - ..$4.50 
G.E. z K2748A. Pulse Input, line to magnetron 
XP E cens i S $36.00 
29280 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
1:01 Dimensions | 13/16 x 1A" 19/32 ...$1.50 


PULSE NETWORKS 
15A—1-400-50: 15 KV, "A" CKT, | microsec., 
400 PPS, 50 ohms imp. ..... .. . -$42.50 
G.E. 26€3-5-2000-50P2T, 6KV. "E? circuit, 3 
sections, .5 microsecond, 2000 PPS, 50 ohms 
impedance EIS aa . $6.50 
G.E. 23€ (3-84-810; 8-2.24-405) 50P4T; 3KV, "E 
CKT Dual Unit: Unit |, 3 Sections. .84 Micro- 
sec. 
810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 2.24 
microsec. 405 PPS, 50 ohms imp. .$6.50 
7.5E3-1-200-67P. 7.5 KV, "E" Circuit, | microsec. 
200 PPS, 67 ohms impedance, 3 sections $7.50 
7.5E4.16-60.67P. 7.5 KV, "E" circuit, 4 sections, 
16 microsec. 60 PPS, 67 ohms impedance $15.00 
7.5E3-3-200.6PT. 7.5 KV, "E" Circuit, 3 microsec. 
200’ PPS, 67 ohms imp., 3 sections ....$12.50 


DELAY LINES 
D-168184: .5 microsec. up to 2000 PPS, 1800 n 
.$4.00 


term. ... n 5 
D-170499: .25/.50/.75. microsec. 8 KV. 50 ohms 
mp. je .£16.50 
D-165997: lA microsec. . $7.50 


MODULATOR UNIT BC 1203-B 


Provides 200-4,000 PPS, Sweeptime: 100 to 2,590 
microsec. in 4 steps fixed mod. oulse, sup- 
ression pulse, sliding modulating pulse, 
Dlenhing voltage, marker pulse, sweep volt- 
ages, calibration voltages, fil. voltages. Op- 
erates 115 vac. 50-60 cy. Provides various 
types of voltage pulse outputs for the modu- 
lation of a signal generator such as General 
Radio 28048 or 2804C used in depot bench 
testing of SCR 695, SCR 595, and SCR 535. 
New as shown .$125.00 


tubes $ 
APS-10 Low voltage power supply, less tubes 
yeah $18.50 


BC 1277A Sig. Generator ...... $300 00 
APR4, Receiver 300-2000 mc. .......$475 00 
CPD 10137 Dehydrating Unit ..... "$425.00 
APRSA, Complete antenna, 10 cm. wavc- 

Uie, ace Slavia are oa hs rie Ne bee $185 00 


Sylvania 10 cm. Sig. Generator using 7078 


el 
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(Continued from page 45A) 


Niemann, L. H., Sylvania Electric Products Corp., 
500 Fifth Ave., New York 18, N. Y. 

Orlowski, E., 4755 N. Malden Ave., Chicago 40, 
It. 

Palester, J. J., 68-36 Burns St., Forest Hills, L. 1L, 
N. Y. 

Richards, C. 1., 2321 Rosemont Ave., Chicago 45, 
lt. 

Rollick, W. D., 1001 Knollwood Ave., Winston- 

: Salem, N. C. 

Rymas, S. J.. 2911 W. 40 St., Chicago 32. Ill. 

Salapatek, F. C., 12821 Winchester St., Blue Island, 
nt. 

Sandor, J., 7818 Goll Ave., N. Hollywood, Calif. 

Sargent, H. P., Jr., 301 Warren St., Needham 92, 
Mass. 

Shepherd, L., 330 E. Howard St., Albuquerque, N. 
Mex. 

Showalter, R. L., 2035 W. 259 PI., Lomita, Calif. 

Siegel, S., 5050 N. Broadway, Chicago 40, III. 

Skoff, J., Jr., Box 119A, St. Clairsville, Ohio 

Smith, E. L., Jr., 3448 Caton Ave., Baltimore 29, 
Md. 

Stanonis, A. F., 4837 Wright Terr., Skokie, IN. 

Stevens, T. E., 350 Stanton St., Pasadena 3. Calif. 

Strom. L. D., 57-45 225, Little Neck, L. L. N. Y 

Strong, E. H., 187 Kelley St., Manchester, N. H. 

Stubner, J. W., 2116 Grove St., Glenview, III. 

Stumpers, F. L. H. M.. 7 Nachtegaallaan, Eind- 
hoven, Holland 

Sugimoto, J., 1420 N. Larrabee. Chicago 10, Ill. 

Sullivan, J. L., 5123 Fulton St.. Chicago. lll. 

Surprenant. A., 81 Newton St., West Boylston, 
Mass. 

Swanson, W. G.. 5263 W. North Ave., Chicago 39, 
LU 

Titus, R. W.. 2722 N. Wayne Ave., Chicago 14, m. 

Tyberg, A. H., 2716 W. Eighth St., Cincinnati 5, 
Ohio 

Veronica, D. J., 45 Nevada Ave., Buffalo, N. Y. 

Walcher, J. F.. 1525 Maple Ave., Wyoming, Ohio 

Warner, W. V., 112 Orchid Rd., Levittown, Hicks- 
ville, N. Y 

Warren, R. M., 87 Bay State Rd., Arlington 74, 
Mass. 

Weber, M. E., 5625 Eskridge St., Houston 3, Tex. 

Weinsheimer, W. E., 836 Chalker St., Akron 10, 
Ohio 

Werner, W. F., 72 St. James PI., Brooklyn 5, N. Y 

West, R. E., 1638 Kepzie Ave., Chicago 47, Ml. 

White, S. A. A., 74 Huron Ave.. Cambridge, Mass. 

Wisner, C. V., Jr., 6726 S. Oglesby Ave., Chicago, 
t. 

Wodzinsky, W. T., 202 Broadway St., Carnegie, 
Pa. 

Womack, R. H., 124A Grosvenor, Inglewood, Calif. 

Zawada, J. D., Chicago Technical College, 2000 S. 
Michigan Ave., Chicago, Il. 


News—New Products 


These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information, Please mention your I.R.E. affiliation. 
(Continued from page 244) 


Recent Catalogs 


* * * A new 49-page catalog in color de- 
scribing their complete line of relays, 
classified according to purpose and by con- 
tact ratings, by Leach Relay Co., 5915 
Avalon Blvd., Los Angeles 3, Calif. 


* * * A listing of over 400 transformers and 
related components has just been released, 
and is available to interested firms, by 
Standard Transformer Corp, Elston, 
Kedzie & Addisons Sts., Chicago 18, Ill. 
(Continued on page 484) 
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electronic voltage regulators 


MAXIMUM ACCURACY 
MINIMUM DISTORTION 


Harmonic — Basic 
Distortion — $ 
Input voltage 


cycles 


by sorensen 


e FREQUENCY INSENSITIVITY 


mo 


a 3| 


95-125 VAC also available for 190-250 VAC single phase 50-60 


Ovtput voltage adjustable between 110-120; 220-240 in 230 VAC models 


Load range 
P.F. range 


From 0.1 load or no load (^0'* models) -at rated accuracy 
Down ta 0.7 P.F. all S models temperature compensated 


NOTE: Regulators can be hermetically sealed 


Standard DC: 
* Output voltage es 6S ees 


8 | s | 


~*toad in amperes | 5-15-40-100 — | 5-15-50 | _s-10-30 | 15 [| 5-10 


Input voltage 


95-125 VAC single phase 50-60 cycles: adapter available for 


230 VAC operation 


Regulation 


0.25% from % (or no load in “O” models) ta full load 


Accuracy 

Ripple 196 

voltage RMS Max 

Recovery 0.2 seconds — value includes charging time of filter circuit for 
time the most severe change in load or input conditions 


* Adjustable -j- 1096, —2596 


** Individual madels identified by indicating output voltage first then amperes, 


Example: E-6-5 


6 VDC @ 5 amperes 


SPECIALS Your particular requirements can be met by employing the 
ORIGINAL SORENSEN CIRCUIT in your product or application. SORENSEN 
REGULATORS can be designed to meet JAN specifications. SORENSEN engin- 
eers are always available for consultation about unusual regulators to meet 
special needs not handled by THE STANDARD SORENSEN LINE, 


Write don complete literature 


£Forensen and company, inc. 


375 Fairfield Ave., Stamford, Connecticut 
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News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information, Please mention your I.R.E. affiliation. 


(Continued from page 47A) 


Interpolator for Uhf 
Measurements 


The Model 1110-A, Interpolating Fre 
quency Standard, designed for use with 
heterodyne frequency meters~in making 
measurements at uhf up to about 3,000 
Mc, is announced by General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. 


The manufacturing engineers claim 
that when it is used with a meter, whose 
accuracy is 0.1 per cent, the accuracy is 
increased to 0.001 per cent. The Model 
1110-A was designed for use with General's 
Type 720-A heterodyne frequency meter 
which has a range of 100 to 200 Me. Fre 
quencies up to 3,000 Mc are measured by 


| using harmonics of the 720-A. 


An additional series of harmonics, 
based on 0.1 Mc fundamental, is also gen 


| erated, for use with type 620-A meter, 


in measuring the range between 10 and 
300 Mc. 


Four-Way Air Valve 


A new line of four-way air valves of the 
balanced piston type is announced by the 
Keller Tool Co., Grand Haven, Mich. 

The valve is actuated by poppet-type 
control buttons which exhaust air from 
either end of a balanced piston. The piston 
is used only as a meang of operating a faced 
slide valve, which is the actual seal for 
directional control of the flow of air. 


A few of the new design features incor- 
porated are: a slide valve of oil resistant 
rubber (which, the manufacturer claims, 
have sealing surfaces that improve with 
use); a stainless steel piston for moving the 
slide valve; all pipe connections are lo- 
cated in the base, so that working parts 
are accessible without disconnecting the 
air lines. 
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News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 


These air valves are available with 7’, 
Y^, and 1" pipe threads, with capacities of 
30, 90, and 350 cubic feet per minute, re- 
spectively. 

They may be bench mounted, or as an 
integral part of a fixture with remote con- 
trols. 


HF Voltmeter for TV, 
FM, and Radar 


A new type, MV-18A, vacuum-tube 
voltmeter, which measures rf voltage down 
to 1 millivolt at frequencies between 1 and 
200 Mc, has recently been developed by 
Millivac Instruments, P.O. Box 3027, New 
Haven, Conn. 


In the previously mentioned range, it is 
flat within 10 per cent. When used for 
higher frequencies, larger response cor- 
rections have to be made. Range is 10 
microvolts to 2,500 Mc. 

For low-voltage measurements, the 
MV-18A uses germanium “pseudo-thermo- 
cuples” as a detector, and a carrier type dc 
amplifier which converts the dc voltages, 
into meter readings. Up to 1,000 volts, 
regular crystal diode rectification is used. 

Direct TV and FM  field-strength 
measurements, complete hf signal tracing 
through TV and FM receivers, at actual 
operating signal levels, and vhf and uhf 
laboratory research are applications of 
this new instrument. 


New AF Bridge 


The new Model 100 Bridger, an instru 
ment for bridging a vacuum-tube volt. 
meter, distortion meter, and/or oscillo- 
scope across any part of an af circuit 
through a shielded cable with none of the 
load of the meters or the cable on the 
circuit, is being marketed by Audio In- 
strument Co., 1947 Broadway, New York 
23, N. Y 

The Model 100 has an input impedance 
of 100 megohms in parallel with 6 pul 
when using 3’ shielded input. The output 
is 200 ohms with one side grounded. 

Voltage ratio: output/input is 0.98 
(—0.2db) up to 30 volts with a low 
capacity circuit, and up to 25 volts with 
regular shielded cable. This may be ex- 

(Continued on page 55A) 
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\multi-swage ) 


X PRODUCTS 


— ON CONTACT PINS, TERMINALS, 
JACKS, SLEEVES AND INSERTS 


Many of these small metal parts used today 
are Bead Chain Multi-Swage Products. 


This advanced method of producing small 
solid or tubular metal parts is outstandingly 
efficient and economical for parts of about 
'4" or less diameter and up to 1⁄2” length. 
Tolerances are accurately maintained. Large 
quantity production is usually a factor to 
justify fitting-up costs. 

We are set-up to supply many standard items, 
and our Engineering Department is ready to 
cooperate in application of this process to 
special needs. Send for catalog. 


OOOCOOOOCOCOOCOOOOCOCOO! 


OOOOCOCOOCOOOCOCOOCOCO 


THE BEAD CHAIN MANUFACTURING CO. 
60 Mountain Grove St., Bridgeport, Conn. 


NEW T. V. IDEAS 


NEED ACME ELECTRIC 


TRANSFORMER performance 


te} 


New engineering ideas, to ad- 
vance the reception qualities 
of Television, need better than 
average transformer perform- 
ance. Acme Electric engineers 
will assist your ideas by help- 
ing you design a transformer, 
exactly in accordance with 
your needs. 


ACME ELECTRIC 


CORPORATION 
448 Waler St. 
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Cuba, N. Y., U. S.A. 


Fake great majority of this country’s successful men have 

pes their present position after many years with the same 
organization. Top men in major industries have generally been 
with their respective companies for many years before they gained 
the knowledge and experience necessary to equip them for their 
present executive duties. On the other hand, those men who change 
their employment every two or three years are rarely in a position 


to be chosen for a responsible position. 


re o: , S 
Every organization places trust in its “old-timers.” The em- 


ployee with ten, twenty, or more years of service has the complete 
confidence of both his superiors and subordinates. His familiarity 
with his duties is unquestioned, and his ability to complete a given 


task is recognized. 


If you are interested in a stable career holding ample oppor- 
tunity for personal advancement, and are seriously interested in 
the field of Vacuum Tube Research, we would like to hear from 


you. Send your résumé to: 


DIVISIONAL PERSONNEL MANAGER 


NATIONAL UNION RESEARCH DIVISION 


PHYSICISTS 
AND 
ENGINEERS 


This expanding scientist- 
operated organization offers 
excellent opportunities to 
alert physicists and engi- 
neers who are interested in 
exploring new fields. We de- 
sire applicants of Project 
Engineer caliber with ex- 
perience in the design of 
electronic circuits (either 
pulse or c. w.), computers, or 
precision mechanical instru- 
ments. This company special- 
izes in research and develop- 
ment work. Laboratories are 
located in suburbs of Wash- 
ington, D.C. 


JACOBS INSTRUMENT CO. 


4718 Bethesda Ave. 
Bethesda 14, Maryland 
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350 SCOTLAND ROAD, ORANGE, NEW JERSEY 


PROJECT 
ENGINEERS 


Real opportunities exist for 
Graduate Engineers with design 
and development experience in 
any of the following: Servo- 
mechanisms, radar, microwave 
techniques, microwave antenna 
design, communications equip- 


ment, electron optics, pulse 


transformers, fractional h.p. 


motors. 


SEND COMPLETE RESUME TO 
EMPLOYMENT OFFICE. 


SPERRY 
GYROSCOPE CO. 
DIVISION OF 
THE SPERRY CORP. 
GREAT NECK, LONG ISLAND 


PROCEEDINGS OF THE LRE. 


The following positions of interest to 
LRE. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. 


The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 


PROCEEDINGS of the I.R.E. 
| East 79th St, New York 21, N.Y. 


RADIO ENGINEERS 


Outstanding opportunity with progres- 
sive, rapidly growing company for radio 
engineers experienced in high frequeney 
work, An interesting, attractive future as 
sured, but requirements of jobs must be 
paralleled by necessary skill. If you have 
a background of high frequency work, 
tell us about yourself in résumé giving 
education, experience and salary require 
ments, Plant located in New Jersey within 
communting distance of New York Cit 
Box 569 


ELECTRONICS TEACHER 


Electronics teacher to take charge of 
electronics option at accredited state land 
grant college in northwest. Salary to 
$4800.00 for nine months. Write giving 
picture, education, experience, references 
and complete personal data to Box 572 


ELECTRICAL ENGINEER - PHYSICIST 


. Graduate electrical engineer or. physi- 
cist experienced in microwaves and servo- 
mechanism for design and layout of 
electronic circuits. Write Chance Vought 
Aircraft, Division United Aircraft Corp., 
Box 5907, Dallas, Texas 


INSTRUCTOR 


There will be an opening in September 
for an instructor to teach electronics, 
transmission line and wave guide theory 
Salary depends on qualifications and is 
up to $5600.00 for nine months. Possi 
bility of later appointment at lower rank 
and salary, Box 573 


ENGINEER 


Large active midwestern quartz crystal 
plant needs first class quartz crystal engi- 
neer, well grounded in theory and with 
complete experience in manufacturing and 
testing procedures all types quartz units. 
Send complete detailed information on 
experience and background in first reply. 
Salary open. Our employees know of this 
ad. Box 574. 


TECHNICAL WRITER 


An opportunity for an experienced tech 
nical writer, Preferably an electrical en- 
gineering graduate with experience in the 
field of electronic development, Research 
laboratory located adjacent to Washing- 
ton, D.C. Salary commensurate with ex- 


perience. Box 576 
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Positions Wanted 
By Armed Forces 
Veterans 


In order to give a reasonably equal op- 
portunity to all applicants, and to avoid 
overcrowding of the corresponding col- 
umn, the following rules have been 
adopted : 

The Institute publishes free of charge 
notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 


previous insertion and the maximum num-. 


ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign- 
ment of reason. 


ELECTRONIC ENGINEER 


B.S.E.E. June 1949, Polytechnic Insti- 
tute of Brooklyn. Single. 2 years experi- 
ence as Navy electronic technician. Mem- 
ber Tau Beta Pi, Eta Kappa Nu. Desires 
position in electronic feld; New York 
metropolitan area preferred. Box 265 W. 


FIELD SALES ENGINEER 


B.S.E.E. communications major. 5 
years experience in microwave, radar, and 
general communication equipment. Also 
some aircraft and electronic control ex- 
perience. Finest references. Box 266 W. 


COMMUNICATIONS ENGINEER 


B.S.E.E. June 1949, University of Min- 
nesota, communicationis major. Age 25 
Married, no children. 2 years experience 
GCA and other radar, 2 years airline 
radio and telephone work. Desires po- 
sition with future in TV or electronics. 
Box 267 W. 


TELEVISION ENGINEER 


Graduated American Television Insti- 
tute of Technology with B.S T.E. Age 
22. Single. Desires position in design and 
development work in vicinity of Boston, 
Mass. Box 269 W. 


ENGINEER 


June 1949 honor graduate of leading 
midwest engineering college. B.S.E.E. 
Harvard-M.l.T. radar course. 3 years 
experience as research and development 
officer. MOS 7050. Experience with elec- 
tronic bombing computers and telephone 
subs. equipment. Tau Beta Pi, Eta Kappa 
Nu— President, Student AIEE. Prefer 
connection with quality conscious firm in 
southwest U.S.A. Box 270 W. 


ELECTRONIC ENGINEER 

Ex-flying officer. Industrial engineering 
and electronic engineering background. 
Both research and development and manu- 
facturing experience on airborne radar, 
television and guidance systems. Schools 

NCE, University of Dayton, Harvard, 
Columbia and M.LT. Box 271 W. 


TELEVISION ENGINEER 


Graduated American Television Insti- 
tute of Technology January 1949 with 
B.S.T.E. Age 23. Ist class FCC license. 
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R-1744 . AC-406 - CR.1728 . AC.407 - CR-1745 - AC-408 - CR-1741 - Ac409 - CR-17 | 


- CR-1739 - 


HAS YOUR NUMBER 
IN CABINETS AND RACKS 


"a - "— pe " — UT E 
R-1740 - AC-403 - CR-1742 . A€-42! - CR-1739 - AC-404 - CR-1743 - AC-422 - CR-177 


a ggawa: 


In response to wide spread demand Bud has now augmented its already large line 
of Deluxe Cabinet Racks and Aluminum Chassis by the addition of several new 
sizes. The table below lists these new sizes as well as the old ones. Now. more than 
ever, Bud is able to meet your needs in sheet metal as well as other radio and 


electronic components. 


BUD DE LUXE CABINET RACKS 


These cabinet racks have rounded corners and at- 
tractive red-lined chrome trim. There is a recessed, 
hinged door on the top with a snap catch. These racka 
are made of heavy gauge steel and are of sturdy con- 
struction, The five large sizes have a hinged rear door, 
while the small sizes have a welded panel in the rear. 

Adequate ventilation is assured by means of louvered 
sides and a two inch opening in the bottom of the 
back extenda the entire width. 


"NO-SCRATCH'" EXTENDED METAL FEET ARE 
EMBOSSED ON THE BOTTOM TO MINIMIZE MAR- 
RING OF A TABLE TOP. Racks are furnished in 
either black or grey wrinkle finish. Depth 14%”, width 
22" Will fit standard 19" panels. 


Catalog Overall Panel Dealer 
No. 


Shipping 
Wt. 


Height Space Cost 
CR-1741 — 109/16" 8%” 29 Ibs. — $10.05 
CR-1740 12 5/16" 10%” 31 Ibs. 11.3 
SiS diis" M^ Se ibe. — 1585 
GR-1743 — 19 5/16" 11:4" 40 Ibs. 16.77 
Cm-1727 — 2213/16" ” 45 Ibs. 18.00 
CR-1744 — 28 3/16" 26%" 50 Ibs. 19.20 
CR-1728 — 37 7/16” 31%" 55 ibs. 21.20 
GR-1745 36.13/16" — 35" 60 Ibs. 21.57 


LES 


BUD ADD-a-RACK SERIES 
Write for literature on this newest Bud 
product. Find out how you can get more 
panel space in less floor area at lower cost. 


o mee 
M 
iJ CJ 


"AY THESE ARE SOME OF THE 1274 ITEMS 
AVAILABLE FROM BUD RADIO, INC. 


BUD ALUMINUM CHASSIS 


The construction and design of these chassis is 
exactly the same as our steel chassis, The «aluminum 
chassis are welded on government approved spot weld- 
ers that are the same as used in the welding of 
aluminum airplane parts. The gauges in table below 
are alumnum gauss. o : pese you can depend 
lui um assis to do a pe 
Etched Aluminum finish. di d 


Catalog Dealer 
Number Depth Width Height Gauge Cost 
AC-402 5" " n 

AC-403 me bm” i" 8 $ i 
AC-421 5" 9%" — 3" 18 89 
AC-404 5” 10” n 18 99 
AC-422 5” 13” 3” 18 98 
AC-405 T" 7” 2” 18 81 
AC -406 g” 9" 2" 18 90 
AC-407 z 11” 2” 18 96 
AC-408 uda 12" pu 18 1.14 
AC-409 17 13” 2 18 1.02 
AC-411 1% 15” 3" 16 1.68 
AC-423 1% 17” 3 16 1.43 
AC-424 8" 12" 3” 16 1.38 
AC-425 8” " 2" 16 152 
AC-412 8” 17” 3” 16 ru 
AC-413 10" K 9^ 16 1.44 
AC-414 10" 14" 3" 16 1.92 
AG-415 10" 17” 2 16 1.80 
AC-416 10" " 3" 16 2.04 
AC-426 11” 17” 2" 14 1.89 
AC-417 11” q^ 3" 14 2:40 
AC-418 12" 17” 3” 14 2.52 
AC-419 13" A 2n 14 2.25 
AC-420 13” i 3" 14 2.61 
AC-427 10” 17” 4” 14 2:36 
AC-428 13" 17” 4" 14 3.05 


| BUD RADIO, 


«y» 


2110 E. 55'^ ST. » CLEVELAND 3, OHIO 


RESEARCH OPPORTUNITIES AT WESTING- 
HOUSE IN TELEVISION 


Physicists and electronic engineers needed for an extensive 
project at Westinghouse Research Laboratories in Pittsburgh. Ex- 
cellent opportunities for specialists in optics. electron-optical de- 


vices, phosphors, photo surfaces, systems and circuits. 


For application write Manager, 


Technical Employment Westing- 


house Electric Corp., 306 Fourth Ave., Pittsburgh, Pa. 


August, 1949 


Sta 
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DESIGN TIPS FROM CHIEF ENGINEER FLEX Y— 


HERES HOW TO PUT 
VARIABLE ELEMENTS 


524 


"This diathermy unit is a good example. A vari- 
able element in the circuit is mounted down in 
back. It had to be placed there to get optimum 
circuit efficiency and to simplify wiring. But that 
was no place for the control knob—which, of 
course, had to be up where it was easy to get at. 
Nothing to it. With an S.S. White remote control 
flexible shaft it was a simple matter to put the con- 
trol where it was wanted. 


"So my tip is, Remember 


S.S. WHITE 
FLEXIBLE SHAFTS 


when you're designing electronic 
equipment. They let you place both 
the variable elements and their con- 
trols anywhere you want them. And 
remember, too, they provide velvety- 
smooth jump-free operation because 
they're engineered and built just for re- 
mote control." For the full story, 

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 


Its 260 pages of facts and engineering data on 
flexible shaft application and selection sent on 
request. Write for it on your business letterhead 
and mention your position. 


$.- WHITE INDUSTRIAL „o 


. $. WHITE DENTAL MFG. CO. 
ee C DEPT. G 10 EAST 40th ST., NEW YORK 16, N. Y. — 


FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 


Onc of Americas AAAA Industrial Enterprises 


Positions Wanted 


(Continued from page 51A) 


2 years Army radio operator mechanic. 
Desires position as development or TV 
station engineer. Thorough understand- 
ing of RCA and Dumont TV equipment. 
Box 272 W. 


ADMINISTRATIVE OR EXECUTIVE 


Retired Naval officer. M.S. Radio En- 
gineering; Harvard 1928. Varied experi- 
ence in charge reorganizing and operating 
major units Naval Communication Sys- 
tem, radio procurement, clectronics plan- 
ning, radio stations maintenance, etc. De- 
sires position as administrator or executive 
in communications, radio, or electronics, 
anywhere in U. S. Available immediately. 
Box 273 W. 


JUNIOR ENGINEER 


B.S. Radio Engineer, Chicago Technical 
College; Member Sigma Phi Delta, March 
1949, Age 23; single. Navy experience 
Electrical. Maintenance Technician. De- 
Sires position with a good opportunity. 
Box 274 W. 

ENGINEER 


M.S.E.E. June 1949, California Insti- 
tue of Technology; age 23; married. 2 
years Navy radio technician. Summer 
work in small motor design. Member Tau 
Beta Pi. Desires work in control or tele- 
metering. Box 275 W. 


ELECTRONIC ENGINEER 
B.E.E. New York University 1948, clec- 
tronics major. 1 year GE test experience. 
GE advanced course in engineering. In- 
terested electronic control equipment, 
servo-mechanisms ; computers. New York 
Metropolitan area. Box 276 W. 


ENGINEER 


B.E.E. June 1949. Cooper Union. Age 
28. Married. 3 years electrical testing and 
inspection experience including supervi- 
sion. 3 years Army Signal Corps as radio 
serviceman. Desires position with future. 
Box 277 W. 


EXECUTIVE ASSISTANT 


Business administration plus engineer- 
ing training. M.B.A. University of Chi- 
cago; B.S.E.E., B.S. (math), University 
of Michigan. Eta Kappa Nu. Single. Age 
26. Signal Corps technician; 1. year re- 
search, production quality control experi- 
ence. Desires job in medium size concern. 
Résumé upon request. Box 278 W. 


ENGINEER 

B.S.E.E. September 1949, University of 
Florida. Age 30. Married. 2 years Navy 
radio-radar technician and school. 1 year 
Chief Engineer 250 watt radio station. 
Motor and power transformer experience. 
Interested sales or construction. Will 
travel anywhere. Box 279 W. 


JUNIOR ENGINEER - PHYSICIST 

514 years of physics, electrical engineer- 
ing and electronics in Fordham University 
of Rochester, Harvard, M.LT. 3 years 
Naval electronics officer; B.S. in physics, 
June 1949. Age 25; married; 1 child. De- 
sires employment in electronic engineering, 
sales or development, anywhere, prefer- 
ably west coast. Box 280 W. 


SALES ENGINEER OR EXECUTIVE 
ASSISTANT 
Former assistant to Vice President of 
a world wide export organization invites 


(Continued on page 534) 


PROCEEDINGS OF THE LR.E, August, 1949 


Positions Wanted 


(Continued from page 52A) 


inquiries from firms having need for ad- 
dition to sales engineering staff or assistant 
to top executive. Young, energetic, widely 
traveled with a solid background of re- 
search design and supervision in all phases 
of electrical and electronic equipment. 
Capable of handling sales, engineering, 
production and personnel. Box 281 W. 


ELECTRONICS ENGINEER 


Guided missile electronics engineer. 
Currently engaged in production engineer- 
ing of guided missiles. 3 years experience 
in development of guidance and control 
equipment. 4 years radar development ex- 
perience for Army. Graduate engineer 
with post-graduate school. Box 282 W. 


ENGINEER 


Graduate of American Television Insti- 
tue of Technology, May 1949 with 


B.S.T.E. Age 24. Single. Presently en- . 


gaged in post-graduate work in the U.H.F. 
field. Desires laboratory work in the New 
York City suburban area. Box 298 W. 


-ENGINEER 

B.E.E., June 1949, Polytechnic Institute 
of Brooklyn, Tau Beta Pi, Eta Kappa Nu. 
Age 25. Married. 21⁄4 years in Army Sig- 
nal Corps. Desires position in development 
or product engineering. Prefer New York 
location but will consider work anywhere 
in United States. Box 299 W. 


TECHNICAL WRITER 


Development engineer available for 
writing assignments in radio, television, 
and allied arts. Technical articles, instruc- 
tion booklets and similar work treated with 
strictest confidence on commission basis. 
Box 300 W. 

FIELD ENGINEER 


Currently engaged U.S.N. field engi- 
neering. For past 9 years have been super- 
vising crews for installation and mainte- 
nance of Naval Radar, Sonar, V.H.F., 
H.F., and communication equipment (re- 
ceivers and transmitters). Graduate of 
Naval Matériel School, Washington, D.C., 
B.S. in Applied Electronics, St. Louis 
University. Age 30. Married, 3 children. 
Available June 30, 1949. Box 301 W. 


ELECTRONICS ENGINEER 


B.S. in Radio Engineering, and gradu- 
ate work in Electrical Engineering. For- 
mer communications and fighter control 
officer. Desires research in electronics or 
electrical engineering. Married, 1 child. 
Location immaterial. Box 302 W. 


ENGINEER MANAGER 


Harvard M.S. in communication engi- 
neering. Directed important and extensive 
wartime Loran project in Pacific. Recently 
Development Division Engineering Man- 
ager. Desires permanent and responsible 
position with progressive organization 
Box 303 W. 

RADIO ENGINEER 

Radio Engineer, 24, single, Inter. B.Sc., 
3 years experience in electronic research 
and development, left England July, seeks 
position in electronic laboratory of Ameri- 
can university with view of continuing 
study. Box 304 W. 


RADIO ENGINEER 


B.S. in radio engineering, one course 
to complete for B.S.E.E. Married, no 
children. Age 26. 214 years experience 
telephone carrier and VHF installation 


(Continued on page 54A) 
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Radio and Radar Development 


Positions Available for 


ELECTRONIC 
ENGINEERS 


with 


Development & Design 


Experience 


in 
MAGNETIC TAPE 
RECORDING 


MICROWAVE 


COMMUNICATIONS 


SONAR EQUIPMENTS 


Opportunity For Advancement 
Limited Only By Individual 


Ability 


Send complete résumé to: 


Personnel Department 


MELPAR, INC. 


452 Swann Avenue 


Alexandria, Virginia 


APITOL RA 


NOTE 


7 


id "o e 


‘ yt Ur 
€ PRECISION PRODUCED 
€ PERFORMANCE PROVED 


p 


SUPER ELECTRIC PRODUCTS CORP. 


Pacing Electronic Progress With Ingenuity 
1057 Summit Ave., Jersey City 7, N. J. 


TE 


Pioneer in Radio Engineering Instruction Since 1927 


DIO ENGINEERING INSTITUTE 


An Accredited Technical Inslitule 


ADVANCED HOME 8TUDY AND 
RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 
Request your free home study or resi- 
dence school catalog by writing to: 


DEPT. 248-A 
16th and PARK ROAD N.W., 
WASHINGTON (0, D.C. 


Approved for Veteran Training 


and Design Engineers 
Openings for experienced men at 


HAZELTINE ELECTRONICS 
CORPORATION 


Little Neck, L.I., N.Y. 


Please furnish complete resume of experience with salary expected to: 


Director of Engineering Personnel 


(All inquiries treated confidentially) 


53^ 


Etched 
TUNGSTEN 
WIRE 


.00015" diameter 
and even smaller 


€ Accurate 


T a 


€ Uniform 


€ Smooth 


Also available 


in Molybdenum 


cai tpm nmm " 


and other metals 


Write for 

Detalls and 
List of 

Products 


SIGMUND COHN CORP. 
NEW YORK 


44 GOLD ST. 


Positions Wanted 
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and maintenance. Desires research or de 
sign position anywhere in United States. 
Box 305 W. 


TELEVISION ENGINEER 


Graduate American Television Institute 
of Technology May 1949 with B.S.T.E. 
Age 35, married, 1st class F.C.C. license 
5 years electrical maintenance, 3 years ra- 
dar maintenance, 3 years radio servicing 
Desires positions as TV station engineer 
Prefer east or mid-west. Box 306 W. 


ELECTRONICS ENGINEER 


B.S. physics. Age 27. Married, no chil 
dren. 2 years industrial electronics research 
and development. Some guided missile de- 
velopment. 3 years Army Radar develop- 
ing and maintainance. Anywhere in 
United States, will also consider foreign 
position. Box 307 W 


ELECTRONICS DESIGN ENGINEER. 
ELECTRONICS INSTRUCTOR 


B.Sc. 1937 University of Chicago. Age 
32. Married. 3 years experience in design 
of radar equipment with eastern manu- 
facturer. 274 years experience in Navy as 
radar maintenance officer. Have had 
teaching experience in physics. Desires 
position as electronic design engineer in 
midwest, or electronics instructor in mid- 
western college. Box 308 W. 


ENGINEER 


B.E.E. 1948 electronics option Georgia 
School of Technology. Age 22. 114 years 
electronic technician U. S. Navy. Ist class 
radio telephone F.C.C. license. 1 year in 
dustrial experience in design and develop- 
ment of radar components. Member Eta 
Kappa Nu and Tau Beta Pi. Desires work 
in development. Box 309 W 


ELECTRONIC ENGINEER 
B.S. in E.E., with high distinction, Uni 
versity of Connecticut, June 1949. Experi 
ence: 1 year teaching, 4 years electronic 
technician. Age 28. Research or develop- 
ment position desired. M. Cannizzaro, 22 
Division St, Waterbury, Conn. 


JUNIOR ENGINEER OR TECHNICAL 
WRITER 


B.S.E.E. June 1949 Iilinois Institute of 
Technology. Single, age 23. Desires po- 
sition in sales engineering or production in 
in United States. Willing to travel. 114 
years experience as Navy electronic tech 
nician, power plant operator, and electronic 


nspector. Excellent references. Box 
310 W 
News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 


information. Please mention your I.R.E. affiliation. 


Recent Catalogs 


***The May issue of the Research 
Worker describes three popular types of 
power supplied for cathode-ray tube high 
voltage. This paper is printed by Aerovox 
Corp., New Bedford, Mass., from whom a 
subscription may be obtained by applica 
tion, 
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ANNOUNCING A NEW 8” SPEAKER 


WHERE QUALITY REPRODUCTION IS A 


"MUST" and space is at a premium—the 


Jim Lansing 8” Speaker answers the problem! 
High efficiency and good over-all perform- 
ance. For improved radio, phonograph and 
custom television sound reproduction. De- 
signed especially for commercial or industrial 
use. Ideal for music distribution and paging 


systems. At all better dealers and distributors. 


MODEL D-1002 
Two-Way System 


For FM monitoring and 
high quality home sound 
reproduction. Console type 
cabinet. 


See your Jobber or write 
to 


JAMES B. LANSING 


SOUND INC. 


2439 Fletcher Drive 
Los Angeles, California 


August, 1949 


News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 


information. Please mention your J.R.E€. affiliation. 


(Continued from page 49A) 


tended to 250 volts by adding Model 104 
voltage divider, which has a 10 to 1 ratio. 


The cable capacity is almost balanced 
out by the circuit configuration, and al- 
though the capacity is low, the cable re- E 
tains flexibility. E. sett 


nie Saygi CON" awt 
mas 


The Type 838 Frequency Meter is a direct reading in- 


Super Midget Relay strument designed to measure audio and supersonic 
A new low-cost super mdiget relay, frequencies from 20 to 100,000 cycles per second. The in- 
Model SM, in which the magnetic circuit strument has great laboratory and industrial utility in 


elements al! perform multiple functions, 


aes 3 EENE applications requiring either occasional or continuous 
permitting an appreciable reduction in size " E 
without loss of operating efficiency, has frequency measurement in the above spectrum. A jack 
bai designed aid manufactured by connection has been provided on the back of the instru- 
otter & Brumfield Sales Co., 549 W. : ÁN 
Washington Blvd, Chicago 6, HI. ment for the use of an external recording milliammeter 


for applications where a continuous graphic frequency 
record is required. 

— Features — 
e Frequency range from 20 cycles to 100 KC. 


€ Seven ranges available with an accuracy of 2?» of full scale on 
all ranges. 


€ Can operate on input voltage as low as V2 volt. 
€ Large easy-toread meter with illuminated diai. 


9 Builtin voltage regulated power supply. 


@ Indication on meter is substantially independent of input wave form. 


e May be used with an Esterline-Angus ink recorder to make per- 


Dimensions of the open SM are H manent records of frequency runs. 
diameter, by 1%” over-all length. Wind- e Mounted on standard 5%” relay rack panel. 
ings available up to 3,400 ohms, permitting 
operation up to 75 volts dc with minimum Write for additional information 
sensitivity of 5 ma at 80 milliwatts. Maxi- Dept. IE-8 


mum coil dissipation is 1.75 watts at 83°C 
rise. Contacts are silver, and rated at 2.5 
amperes for 100 operations, | ampere for 
50,000, or 0.25 amperes for continuous 
operation on 115 volt 60 cps noninductive 
load. 

In variance to the open type, the SM 
is available dust sealed in polystyrene 
5-pin plug-in enclosure, or hermetically 
sealed in glass with a miniature 7-pin tube 
base. The latter can be evacuated and gas 
filled if desired. | 


(Continued on page 57A) 
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TRANSIENT å 


CZ PHENOMENA 


Does your research prob. 
lem include the necessity 
for-observation of sleep 
fronted pulses, non-recur- 
ren! or non-sinusoidal 
wave shapes? 

The Tektronix Type 
- 511-AD- Oscilloscope 
A s "h&s been designed speci- 

pe tically for coping with. 

Pv j $84500 the Gbove requirement. 
OSCILLOSCOPE f.o.b. Portland, Ore. 


JK “AIRLIFT” SAVES 
DAY FOR AIRLINE 


Video Band Pass — 5 Cycles, 10 Megacycles. 
Amplifier Rise Time, .05 Microsecond. 
Video Signal Delay Network, 0.25 Microsecond 
_ Cont. Var. Triggered Sweeps, .1 Sec., 1, Mi ec. 
__ All DC Regulated Against Line Voltage 
Self Contained — Total Weight 50 Po 


Unusually Low Cost. , 


A commercial airline urgently needed ... Engineering sales representation in pi 


transmitter crystals so that their flight 
schedules would not be upset. 


Cables: 712 S. E. Hawthorne Blvd. 
Tektronix Portland 14, Oregon 


Quick delivery of these crystals was made 
to the municipal airport the next morning 


by the James Knights Co. plane. Thanks 
to the speedy delivery, the airline plane 
was able to take off on its scheduled flight. 

James Knights Co. engineers have com- HA 
plete correlation data for most airline Pi 
equipment, and can meet correct specifica- 


tions to fulfill your needs. a . 
| air- spaced articulated 
In emergencies, you can count upon re- 


ceiving the same spectacular service as the R.F. CAB LES 


airline described above. 


The James Knights Co. can furnish sta- 
bilized crystals to meet every ordinary—or 
special—need. 


New James Knights Catalog 
On Request 


THE LOWEST EVER | 00 


ATTEN LOADING 
| CAPACITANCE OR : 
; ATEEN UARLON MICH POWER 


"Me JAMES KNIGHTS Ce. i We are specially organised ji vr lesse: 


to handle direct enquiries 

Sees from overseas and can give - 
ÉANDWÍCH, ILLINOIS : E PHOTOCELL 
^ 1 IMMEDIATE DELIVERIES FOR U.S.A. 


Biled in Dollars. Settlement by your 
check, Transaction as simple as any local 
buy. 


TRANSRADIO LTD 


d CONTRACTORS TO HM. GOVEANMENT 
E 438A CROMWELL ROAD-LONDON SW ENGLAND 
3 CABLES. TRANSRAO. LONDON. 


Very Low Capacitance 
A very POU ES y 
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News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information, Please mention your I.R.E. affiliation. 
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Decade Resistance Box 


A new Model 10 decade power resist- 
ance box, suitable for laboratory and test 
applications, has been developed by 
Marma Electronic Co., 1632-36 N. Hal- 
stead St., Chicago 14, Ill. (a new division 
of Fidelity Amplifier Co. of the same 
address). 


TYPE "o" 


Y 


wwe ee eee 


Type “O” Series—shown 
at right is the 03-11 Plug, 
with three 30-amp. con- 
tacts, fits certain quality 
types, notably Western 
Electric. 


TYPE "P” 


e “P” Series-P3-CG-128 
Coo Plug shown at right, is & 


— 


m [eS cem Tu ** The manufacturer states that the com- etandard with most 
J 


OF, olo 


~ 


MEGACYCLE 


bination of power handling capacity, 2 per 
cent accuracy, and wide range afforded by 
a four-decade box makes it practical for 
replacing the accurate } per cent type 
used as standards, as these cannot be sub- 
jugated to any appreciable load without 
damage. 


broadcast stations 
and used with RCA 
and other equip- 
ment. .. 7 inter- 
changeableinserts. 


TYPE "XL" 


Type "XL" Series-XL-3-11 
Plug shown at right, is 


T E R This box will dissipate a minimum of SUE ce SE eian 
10 watts, and maximum of 30 watts, de- BCE, Electro- 
. : olce an 
Radio's newest, multi-purpose instrument con- pending on setting. Four decades allow for Turner mi- 
sisting of a grid-dip oscillator connected to its flexibility and provide for a total avail- Lui Ri 
power supply by a flexible cord. able resistance of 99,000 ohms. Low in- XL3, XLA. 


Check these applications: 
© For determining the resonant frequency of 
tuned circuits, antennas, transmission 
lines, by-pass condensers, chokes, coils. 
e For measuring capacitance, inductance, 


Q, mutual inductance. 


e For preliminary tracking and alignment 


of receivers. 


e As an auxiliary signal generator; modu- 


lated or unmodulated, 


e For antenna tuning and transmitter neu- 


tralizing, power off. 


e Forlocating parasitic circuits and spurious 


resonances. 


e As a low sensitivity receiver for signal 


tracing. 


MANUFACTURERS OF 
Standard Signal! Generators 
Pulse Generators 
FM Signal Generators 
Square Wave Generators 
Vacuum Tube Voltmaters 


UHF Radio Noise & Field 
Strength Meters 


Capacity Bridges 
Megohm Meters 
Phase Sequence Indicators 


Television and FM Test 
Equipment 


MEASUREMENTS CORPORATION 


o NEW JERSEY 


BOONTON 
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SPECIFICATIONS: 
Power Unit: 5⁄4” wide; 
64" high; 7 Yr’ dee 
Oscillator Units 324" 
diameter; 2" deep. 

FREQUENCY: 
2.2 mc. to 400 mc 
seven plug-in coils. 
MODULATION: 
CW or 120 cycles; or 
external. 
POWER SUPPLY: 


110-120 volts, 50-60 
cycles; 20 watts. 


ductance lends accuracy of readings on all 
af and the lower rf. The case is metal and 
may be grounded, providing additional 
shielding when necessary. 


Two New Ballast Tubes 


A subminiature for minute applica- 
tions, and an aircraft ballast tube to with- 
stand the vibrations of airborne radio 
equipment, have been developed by 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 


wa m» 


| AMPERITE 
REGULATOR 
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Used on many types of sound and 
communication equipment in addi- 
tion to microphone, Cannon Plugs are 
recognized by engineers, sound men 
and hams as the quality fittings in the 
field. Over a period of years various 
improvements have been made in 
insulating materials, shell design, ma- 
terial and clamp construction. 


Available through many 
U.S.A...In Louisville: 


arts jobbers in the 
eerless Electronic 


Equipment Co. In Flint: Shand Radio Special- 
ties. In Syracuse: Morris Dist. Co. In Toledo: 
Warren Radio. In Norfolk: Radio Supply Co. 


Bulletin PO-248 covers all the engineering 
data on the above 3 series; RJC-2 the prices; 
CED-8 Sheet lists jobbers. For copies address 


Department H-377 


| SINCE 1915 


CANNON | 


 BLECTRIC 
d Company 


3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 


IN CANADA —CANNON ELECTRIC CO., LTD. 
—EE 


57^ 


INNND——————HM 


- — m mM 


——— ‘M 


OUT IN AUGUST 
YOUR IRE YEARBOOK 


Use its Engineering 


Products 


X1-1 WATT 


FULL SIZE 


Write for 
further details 


"NOBLELOY" METAL FILM 
PRECISION RESISTORS 


* GENUINE METAL FILM 

* NOT CARBON 

* NOTHING TO BURN 

* CLOSE TOLERANCES 2%. 1% 
* REASONABLE PRICES 


The "NOBLELOY" X Type Resistors has proven itself over a period of 5 years 
in thousands of critical electronic circuits. Values and tolerances, % ohm to 30 
megohms 1%; y2 ohm to 200,000 ohms, 44%. Sizes, !s to 5 watt. 


CONTINENTAL CARBON, ING. ctevetano n, onto 


Listings! 


°*Wow-=-MMeter”’ 


Newly developed direct-reading instru- 
ment simplifies measurements of wow and 
flutter in speed of phonograph turntables, 
wire recorders, motion picture projectors 
and similar recording of reproducing 
mechanisms. It is the only meter in exist- 
ence giving direct steady indication of 
meter pointer on scale. 


The Furst Model 115-R "NWow-Meter" is 
suitable for both laboratory and produc- 
tion application and eliminates complex 
test set-ups. 

A switch on the front of the panel permits 
selection of low frequency cut-off and cor- * 
responding meter damping for use on slow 
speed turntables, 


Frequency Response: '/2 to 120 cycles or 10 to 120 cycles 


Inquiries Invited on our line of 
Regulated Power Supplies 


FURST ELECTRONICS 


14 S. Jefferson St., Chicago 6, M. 
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AIRBORNE RADIO 


FOR ALL CLASSES OF AIRCRAFT 


tS... r by mA 


Aircraft Radio Corporation 


n 


€ STANDARD LF RANGES 
(with homing loop) 


€ VHF OMNI RANGES 
€ LOCALIZERS 
@ GCA VOICE 


@ ISOLATION AMPLIFIERS 
(10 inputs — 2 outputs) 


Name of nearest soles and 
installation ogency 


on reques! 


flircraft Radio Corporation 


BOONTON, NEW JERSEY 


THE NEW 


BERKELEY 


MODEL 700 


DECIMAL COUNTING U 


This unique pack- 
aged component is easily built into 
your apparatus. It has true decimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min- 
jature size. Moderate price. Immedi- 
ate shipment. 


Send for Bulletin DCU-116 


‘a 


bbs Senietils d 


SIXTH AND NEVIN AVE + RICHMOND, CALIFORNIA 


News—New Products 


These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 


information. Please mention your I.R.E. affiliation. 


(Continued from page 57A) 


On the right is the subminiature. This 
tube was designed without prongs, elim 
inating the necessity of a base. The leads 
are soldered directly to the leads from the 
tube. 

This tube can be supplied to dissipate 
any wattage up to 3 watts. Maximum 
current 0.9 amperes. A 100 per cent in- 
crease in voltage will produce a change of 
less than 5 per cent. An ambient change of 

-50°C to +70°C will cause a difference 
in current of less than 2 per cent. 

On the left is the aircraft type, which 
will withstand 40 g, and reacts identically 
to temperature extremes as the tube de- 
scribed above. 

This tube can be supplied to dissipate 
up to 25 watts, froin 60 ma to 3 amperes. 


AS EXHIBITED AT THE 


RADIO ENGINEERING SHOW 


Electronic Decimal Counting 
Unit 


For use in industrial and commercial 
applications, the Model 700 Decimal 
Counting Unit was recently marketed b 
Berkeley Scientific Co., 6th St. & Neven 
Ave., Richmond, Calif. 


To be used primarily in counting, tim 
ing, and frequency measurement work, the 
Mode! 700 is a four-tube plug-in unit with 
a scale-of-ten counting circuit capable of 
rates in excess of 40,000 pulses per second, 
and of resolving pulse pairs spaced less 
than 5 microseconds apart. 

Counts are read from 10 neon lamps on 
the panel numbered 0 to 9. Each count i 
indicated directly by illuminating the 
lamp corresponding to the pulses received 
Units may be cascaded to count any num 
ber. Thus, by mounting several next to 
each other, counts may be read directly. 


(Continued on page 60A) 
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160-4 Q METER 


The 160-A Q-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition os the outstonding instrument for measuring 
Q, inductance, and capacitance at radio frequencies. 


Frequency Range: 50 ke. to 75 me. (8 ranges) 
QMeasurement Ronge: 20 te 250 (20t0 625 with multiplier) 
Range of Main Q Capacitor: 30-450 mmf. 

Range of Vernier Q Capacitor: +3 mmt., zero, —3 mmf, 


For further specifications and descriptive 
details, write for Catalog F 


BOONTON RADIO 


BOONTON M4: U-S-A lend Otil Wf d 


ACCURATE OBSERVATION OF WAVEFORMS 
FROM 10 CYCLES TO 50 MC PER SECOND 


TTT | 


50 MC WIDEBAND 
VIDEO OSCILLOSCOPE 
FTL-32A 


e Vertical amplifier bandwidth of 
10 cps to 50 mc. 


POS 2 O68. 
“Oe. vn. | 


e High deflection sensitivity over 
the entire bandwith. 


€ Low-capacity probe maintaining 
high sensitivity. 


€ Sweep time as fast as one micro- 


second. 


Write for «complete 
FTL-32A brochure. 


= federal Telecommuutcation Laboratories, Ine. 


An LT.&T. Associate 


500 Washington Avenue 
Nutley 10, N.J. 


S-S White ne ERE 


S.S.WHITE RESISTORS 


are of particular interest to all 
who need resistors with inherent 
low norse level and good stability 
in all climates, 


HIGH VALUE RANGE 
10 to 10,000,000 MEGOHMS 
STANDARD RANGE 
1000 OHMS to 9 MEGOHMS 


$.5.WHITE 


THE $. S, WHITE DENTAL MFG. CO. 


INDUSTRIAL ...... 


The 
All-Weather 


Resistors. 


ARE USED IN THIS 
ULTRA SENSITIVE 
ELECTRONIC PHOTOMETER 


In this instrument—designed for measurement of 
very low light values—S.S.White Resistors serve 
as the grid resistance in the all-important high- 
gain D.C. amplifier circult, The manufacturer, 
Photovolt Corp., New York, N.Y.. reports that the 
resistors "work very satisiactorlly'"— which checks 
with the experience oí the many other electronic 
equipment manufacturers who use S.S.White re- 
Sistors. 


WRITE FOR BULLETIN 4505 


It gives essential data about 
S.S.White Resistors, including 
construction, characteristics, di- 
mensions, etc. Copy with price 
list on request. 


Photo courtesy of 
Photovolt Corp., New York, N.Y. 


| ues. j 


p-—- DEPT. GR, 10 EAST 40th ST., NEW YORK 16, N. Y, ————— 


FLEXIBLE SHAFTS AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS-MOLDEO RESISTORS 


Precious Metals 
in Industry 


GREATLY IMPROVED LINEARITY with PALINEY ^7 
RRUSH CONTACTS 


Results of life tests on nickel-chrome wire-wound 
potentiometers, using contacts of PALINEY X7* in 
comparison with phosphor bronze, showed greatly im- 
proved lincarity maintained through longer servicc 
life. If you have this or similar contact problems write 
or call our Rescarch Department for detailed test data. 


*Reg. T.M. of J. M. Ney Co. 


Write or phone (HARTFORD 2-4271) our Research Department 


THE J. M. NEY COMPANY 


171 ELM ST. è HANTEORD 1, CONN, 


SPECIALISTS IN PRECIOUS METAL 
METALLURGY SINCE 1812 


26NY49 
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Cathode Ray Oscillograph shows 
performance of modified potentio- 
meter after one million cycles or two 
million sweeps of PALINEY 7* 
contact over wire. The initial crror 
was reduced to + .12% and this 
linearity was maintained throughout 
the test. 


PROCEEDINGS OF THE LRE 


News—New Products 


) 


(Cont d from pag 


TV-Tube Beam Benders 


Two new types of TV-tube beam 
benders, which serve to minimize burnt 
spots on screens, are announced by Claro- 
stat Mfg. Co., Inc. Washington St., Dover, 
N.H 


The series TV-2 hasa single permanent 
bar magnet and is used with 10" tubes 
with flux densities across the poles of 
33 t 3G and 75: 10G 

The series TV-3 is higher in cost, but 
features two magnets: the bar magnet for 
the rear and a ring magnet for the front 
elements. This type is used with 12" and 
larger tubes, particularly those of bent-gun 
design. 

Both types have rubber covered spring 


arms for friction fit on 18” to 14" necks. 
(Continued on page 61A) 


The combined features 
of the popular Du Mont 
Type 208-B have given 
it a greater volume of 
sales than any other 
cathode-ray oscillograph 
In the world, 


The Oscillograph that 
Outsells them all! 


Versotile , 

Type 208-B i» a general-purpose cathode-ray 
osclitograph, designed for both laboratory and 
Industrial applications. Used extensively for 
reoelver-test, — straln-gage,  pressure-measure- 
ment problems, and innumerable other ap- 
plicafions. 


Sensitive . . 

Mighest gain Y-axis amplifiers in any com- 
mercial oscillograph in its price range. Sonsl- 
tivity. 10 millivolts rms per inch, Excellent 
low-frequency response, Recurrent sweep from 
2 eps to 50.000 eps. 

Time-tested . . . 

For many successful years, the Du Mont Type 
208.B has been the leader In its field. im- 
provements resulting from extensive field ex- 
petilence have been incorporated into its de. 
slgn. 

Moderotely priced . . . 

The many applications of this Instrument 
mean that it must meet varying budgets. Its 
tow orice and portability complete the require. 
ments for an outstanding general-purpose 
oscillograph, 


Instrument Division 
ALLEN B. DU MONT LABS., INC, 
1000 Moin Ave., Clifton, N.J. 
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News—New Products 


These manufacturers have invited PROCEEDINGS 200 MC BAND WIDTH AMPLI FI ERS 
readers to write for literature and further technical 


information. Please mention your LR.E. affiliation. 


(Continued from page 60A) 


New Phase Relation Meter MODEL. 200A 


A new Model 108-C Phase Meter WIDE BAND 
which provides a means for measuring the CHAIN AMPLIFIER 
phase relations existing in directional an- 
tenna systems, has been designed and de- 

y ae as E TEM Corp., 910 Impedance — 200 ohms. Gain — 10 db. Band width — 100 KC to 200 
ing St., Silver Spring, Md. Response — + 1 db. Standing Wave Ratio — Less than 1 db. 

Using a chain of six 6AK5 tubes the single stage Model 200A uses delay line coupling in the 

grid and plate circuits. Due to its low impedance existing coaxial cables can be used. Due to 
| its wide band width it is invaluable as an aperiodic preamplifier for signal generators, sweep 

generators, vacuum tube voltmeters and other laboratory equipment. 


MODEL 202 


WIDE BAND 
CHAIN AMPLIFIER 


Band width — 100 KC to 200 MC. Gain — 20 db. Response — + 1.5 db. 


With the Model 108-C, provision has Impedance — 200 ohms. Standing wave ratio — Less than 1.5 db. 
also been made for remote monitoring of The dual stage, Model 202 has substantially linear phase shift owing to mutual inductance 
coupling in the delay lines, With its wide pass band and very short rise time this amplifier 
offers unique advantages in the study of pulse and transient wave forms in nuclear research, 
oscillography and television testing. 


amplititudes of the currents in the several 
elements of the array. The phase indication 
is marked in 2° intervals, however, 3° in 
crements can readily be resolved. 


Although intended for operation in the M KL SPENCER KENNEDY LABORATORIES, INC. 


standard band, this meter can be supplied 
186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 


Type 410A Power R-F OSCILLATOR 
for general 


laboratory use 
and as a signal 
source for 

R-F bridges 


NOTE THESE FEATURES 


Write for bulletins on ihe e 100 kc to 10 Mc 

type 410-A R-F Power Os- e High output—approximately 30 volts 
cillator and other TIC. 
products—precision linear 
and non-linear potentiom- e Internal modulation 
eters . . . Audio and R-F 


To be sure your 
calculations are 


RIGHT, use 


Fischer’s 


RADIO & 
TELEVISION 
MATHEMATICS 


Over 400 sample problems, completely worked 
out. All the calculations commonly required in 
the design, operation or servicing of radio, tel- 
evision and modern industrial electronics are 
included, arranged under clectronic headings 
where they can be casily found. All formulas, 


e 50-60 output impedance 


* Output voltmeter 


mathematical tables, and a math review are in- Z-Angle Meters . . . Slide a 

cluded. A highly useful handbook for anyone Wire Resistance Boxes... * Excellent stability 

working in radio or television and for all those : "S 4 à 

preparing for FCC license exams. $6.00 Electronics Phase Angle e Accurate, individually-calibrated fre- 
Meter quency scale 


SEE IT FREE 


am | mp oe —— —— —— — —À a 
The Mocmillon Co., 60 Fifth Ave., New York 11 
Please send me a copy of Radio & Television 
Mathematics on 10 days’ approval. | will either 
remit in full or return the book. 


* Expanded frequency scale. 


TECHNOLOGY INSTRUMENT CORP. 


Signed 1058 Main Street, Waltham 54, Mass., Engineering Representatives 
Chicago, 1I.—STate 2:7444 Cambridge, Mass.—ELlot 4-1751 

Address Canaan, Conn.—Canaan 649 Rochester, N.¥.—Charlotto 3193-) 
Oailas, Tex.—Logan 6-5097 Hollywood, Calif, —HOllywood 9-6305 
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PROFESSIONAL CARDS 


W. J. BROWN 


Consulting Engineer 
INDUSTRIAL ELECTRONICS 
RADIO AND TELEVSION 

26 years active development experience 


512 Marshall Bldg., Cleveland, O. 
Telephone: TOwer 1-6498 


EDWARD J. CONTENT 


Acoustical Consultant 
Functional Studio-Theater Design 
FM — Television — AM 
Audio Systems Engineering 
Rozbury Road Stamford 3.7459 
Stamford, Conn. 


CROSBY LABORATORIES 
Murray G. Crosby & Staff 
FM, Communications, TV 
Industrial Electronics 
High-Frequency Heating 
Offices, Laboratory & Model Shop at: 


126 Old Country Rd. Mineola, N.Y. 
Garden City 7-0284 


ELK ELECTRONIC LABORATORIES 


Jack Rosenbaum 


Specializing in the design and 
development of 
Test Equipment for the communications, 
radar and allied fields, 


12 Elk Street 
New York 7, N.Y. 


Telephone: 
WOrth 2-4963 


WILLIAM L. FOSS, INC, 
927 ISth St, N.W. REpublic 3883 
WASHINGTON, D.C. 


PAUL GODLEY CO. 


Consulting Radio Engineers 


P.O. Box J, Upper Montclair, N.J. 
Offs. & Lab.: Great Notch, N.J. 
Phone: Montclair 3-3000 
Established 1926 


HERMAN LEWIS GORDON 


Registered Patent Attorney 


Patent Investigations and Opinions 


Warner Building 
Washington 4, D.C, 
National 2497 


100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 


Samuel Gubin, Electronics 


G. F. Knowles, Mech. Eng. 
SPECTRUM ENGINEERS, Inc. 
Electronic &  Mechenicel Designers 


540 North 63rd Street 


Philadelphia 31. Pa. 
GRanite 2-2333; 2-3135 
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PAUL ROSENBERG ASSOCIATES 


Consulting Physicists 


Main office: Woolworth Building, 
New York 7, N.Y. 


Cable Address Telephone 
PHYSICIST WOrth 2:1939 


Laboratory: 21 Park Place, New York 7, N.Y. 


TECHNICAL 
MATERIEL CORPORATION 


COMMUNICATIONS CONSULTANTS 


RADIOTELETYPE - FREQUENCY SHIFT 
INK SLIP RECORDING - TELETYPE NETWORKS 


453 West 47th Street, New York 19, N.Y. 


General Electric Co. 
General Radio Co. 
Paul Godley 

H. L. Gordon 

S. Gubin 


Hareltine Electronics Corp. 
Helipot Corp. 
Hewlett-Packard Co. 


lliffe & Sons 
International Nickel Co. 


International Resistance Co. 


Jacobs Instrument Co. 
E. F. Johnson 


Karp Metal Products Corp. 
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Kollsman Inst. 


James B. Lansing Sound Inc. 
Lavoie Labs. 
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Measurements Corp. 


Melpar, Inc. 


National Union Radio Corp. 
New York Transformer Co. 


J. M. Ney Co. 
Ohmite Mfg. Co. 
Panoramic Radio Corp. 


Radio Corp. of America 
Revere Copper & Brass Inc. 


Paul Rosenberg 


Shallcross Mfg. Co. 

Sorensen & Co., Inc. 

Spencer Kennedy Laboratories 
Sperry Gyroscope 

Sprague Electric Co. 
Stackpole Carbon Co. 

Super Electric Products Corp. 
Sylvania Electric Products 
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RCA Laboratories developed +4 

a copper mesh with 2,250,000 + 
tiny openings to the square inch 
for the television camera “eye.” 


P! 


You ger finer television pictures through this Super- tine mesh 


In RCA Image Orthicon televi- 
sion cameras you will find a super- 
fine copper mesh. Until a new 
technique for making such screen 
was discovered at RCA Labora- 
tories, only coarse and irregular 
mesh — which obstructed 60% of 
the picture— was available. 
Today, through RCA research, 
such mesh can be made with 1500 
gossamer wires to the linear inch. 


An ordinary pinhead will cover about 
7000 of its tiny openings. 

By RCA's technique—now producing 
commercial quantities of 200- and 500- 
mesh screens — the. mesh is so fine, so 
regular in structure, that it is invisible 
on home television receivers ... and as 
much as 8576 more television picture 
passes through. 

You benefit —many times 
This new type of super-fine wire 
mesh, and the technique for making 
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it, like most major developments in 
allelectronic television, is another 
RCA Laboratories first. Leadership 
in science and engineering adds 
value beyond price to anv product or 
service of RCA and RCA Victor. 


The newest developments in radio, tele- 
vision, and electronics may be seen in action 
at RCA Exhibition Hall, 36 West 49th 
Street, N. Y. Admission is free, and you are 
cordially invited. Radio Corporation of 
America, Radio City, N. Y. 20 


RADIO CORPORATION of AMERICA 
World Leader in Radio — First in Television) 


August, 1949 


Typical of the C-D line of 
capacitors with built-in 
quality characteristics is the 


TYPE UP 


for TV applicatians 


Tested and proved in thousands 
af television receivers, the type UP 
electrolytic capacitors ore avail- 
able in capacities from 4 mfd. to 
2,000 mfd. in any capacity com- 
bination. Voltages range from 6 
volts to 500 volts. Standard am- 
bient temperature range is —25° 
C to +85° C. Special, exclusive 
C-D design and construction as- 


in operation. A better capacitor 
for more difficult TV applications. 


] 
| sures maximum capacity stability 
| 


Cornell -Dubilier 
capacitors 
might look like 
others... 

but differ 
where 

it counts! 


That there s more than meets the cye—when it 
comes to capacitors — is a fact well known to 
radio engineers for many years. Anyone who 
knows his way around in the industry, as you 
do, is not fooled for a moment by external ap- 
pearance, It's what's /j5de that counts—which 


is why you can count on Cornell-Dubilier. 
Engineers specify C-D because over a period 
of 40 years they have learned they can count 
on C-D capacitors for complete dependability, 
for long years of trouble-free performance, for 
really genuine economy, Perhaps that’s why 
an impressive percentage make it a point to 
specify C-D's. Inquiries cordially invited. Cat 
alog available on request 


Cornell-Dubilier Electric Corporation, South Plain- 
field, New Jersey, Dept. ^* — Other plants in New 
Bedford, Brookline and Worcester, Mass.; Provi- 
dence, R. I. ; Indianapolis, Ind., and 

subsidiary, The Radiart Corp., 
Cleveland, Ohio. 


90 West St., New York 6 


116 VOLTS AO-0C 
50-604, 


TO MEASURE CAPACITANCE CONVENIENTLY AND QUICKLY 


For capacitance measurements at one mega- 
cycle this R-F Capacitance Meter is a very 
convenient instrument where extreme accu- 


racy is not required 


The meter consists of a 1-Mc oscillator, 
oscillator output control, crystal rectifier 
with microammeter resonance indicator, and 
a variable capacitance calibrated to read 
directly in terms of capacitance removed 
from the circuit to re-establish resonance 
after che capacitance under measurement has 


been connected to the circuit. 


GENERAL RADIO COMPANY ^ 


Cambridge 39, Massachusetts 
920 S. Michigan Ave., Chicago 5 


FEATURES 


DIRECT READING in twa ranges af O ta 80 uuf and 0 ta 1200 uf. 
Ranges are switched automatically as capacitance dial is ratated 


GOOD ACCURACY Low range: from 0 to 50 puf, + (3 75 + 0.3 
uuf), between 50 and 80 uf, + 6%. High range: + (3% + 5 Huf) 


APPROXIMATELY LOGARITHMIC SCALE on low capacitance 
range, makes for accurate readings 


COMPARES DIELECTRIC LOSSES in the unknown capacitance 
where they show as lower resonance indicator readings . . . useful 
for intercomparison of relative losses 


METER STANDARDIZED AT ZERO by means of a panel trimmer 
+ .. this allows balancing out capacitance of leads ta the unknown 

. approximately 5 uuf on low range and 120 uuf on high range 
can be balanced aut 


AC OR DC OPERATION ... instrument is self-contained and 
operates from bath a-c and d-c lines at 115-volts 


«e $155.00 


TYPE 1612-A R-F CAPACITANCE METER . . 


1000 N. Seward St., Los Angeles 38 


